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THE CARDIO-CIRCULATORY EFFECTS IN MAN 
OF NEO-SYNEPHRIN 

( l-a'liydroxy-;8-jncthylamino-3-liydroxy-ethylbenzene hydrochloride) * 

By ANCEL KEYS and ANTONIO VIOLANTE 

{Prom the Laboratory of Physiological Hygiene, Medical School, 
University of Minnesota, Minneapolis) 

{Received for publication June 20, 1941) 


Neo-s 3 -iicphrin - difters chemically from epi- 
nephrine only in the absence of the hydroxy group 
in thc“para position on the benzene ring. The 
first pharmacological studies with this substance 
emphasized the conclusion that the pharmacologi- 
cal action of neo-sjmephrin resembles that of epi- 
nephrine in all respects, but the potency is less and 
the duration of effects is longer (12, 13, 21). 
Inspection of the data in these papers shows, how- 
ever, that the pressor effect is relatively much 
more prominent than the cardio-accelerator action. 

The pressor action of neo-synephrin has been 
utilized with some success in the treatment of 
surgical shock (10, 11, 17), in the prevention of 
the hj'potension of spinal anesthesia (1, 2) and in 
the treatment of orthostatic hypotension (6, 8). 
Neo-synephrin is widely used as a local vaso-con- 
strictor and may prevent cardiac standstill in 
patients with a hyperactive carotid sinus reflex 
(18). A prominent effect of this drug in normal 
inan is the production of marked bradycardia (14). 

MATERIALS AND METHODS 

The subjects ranged from 16 to 60 years of age but 
the majority were from 18 to 30. Thirty-nine of them 
were men, 9 were women. With the exception of 10 
cardiac patients they were all trained as experimental 
subjects, so that psychic effects were at a minimum. 

The studies were carried out in the morning in the 
basal fasting- state with an absolute minimum of exciting 
influences. In all but a few cases the room temperature 
was between 75° and 80° F. and humidity was between 
^ and 70 per cent. Most of the experiments were made 
with the subject horizontal; in the others, the subject 
rested in a chair designed for x-ray studies. A period of 


1 This work has been supported in part by a fellowship 
grant from Frederick Stearns and Company. Valuable 
assistance was contributed by the Works Progress Ad- 
ministration as part of Sub-project 380, University of 
Minnesota Project Number 8760. 

*AIso known as meta- or m-sympatol and as meta 
synephrin. 


at least one day was allowed to elapse between studies 
on any one subject. 

The general procedure in all studies was the same. 
The subject rested quietly for 10 to 30 minutes and then 
measurements and observations were begun and continued 
for 10 minutes or more before the drug was adminis- 
tered. Observations were continued for 1 to 4 hours 
following the administration. In all cases blood pressure 
and pulse rate were measured at frequent intervals 
throughout the entire experimental period. The same 
observer measured blood pressures throughout any one 
experiment. Electrocardiograms were made in the ma- 
jority of studies. 

Roentgenkymograms (R.K.Gs.) were made in the 
posterio-anterior position at a distance of 66 inches and 
an exposure time of 1.5 seconds. The R.ICGs. were 
measured and analyzed for heart size and stroke output 
by the methods of Keys and Friedell (IS, 16) ; in most 
cases the systolic and diastolic outlines were drawn by 
their method B (1940, op. cit.). Three or four R.KGs. 
were made in each experiment in which this method was 
applied. 

Minute output was measured by the acetylene method 
of Grollman (7). In those experiments in which this 
method was applied the sequence was: rest 15 minutes; 
measurement of oxygen consumption, acetylene rebreath- 
ing; rest 10 minutes; drug administration; wait 5 to 10 
minutes; measurement of oxj'gen consumption (8 min- 
utes), acetylene rebreathing, final measurement of oxygen 
consumption. 

Venous pressure was measured in the horizontal posi- 
tion by the direct method with citrated saline in the 
manometer. Circulation time (arm-to-tongue) was meas- 
ured by injection of 5 ml. of a 20 per cent solution of 
sodium dehydrocholate (“decholin”). For this purpose 
the syringe needle was inserted into the vein and a minute 
or two allowed to elapse before the injection was started. 
The injection was then made as rapidly as possible and 
the time was measured from the start of the injection 
until the first sensation of the bitter taste. 

Threshold for subcutaneous injection 
The threshold dose of neo-synephrin to produce 
cardiovascular effects was determined for subcu- 
taneous injection in 36 experiments on normal 
adults. In each case injection was made under 
the skin on the outside of the upper arm; the site 


1 
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Fig. 2. Blood Pressure and Pulse Rate Changes Resulting from Rapid Intravenous Injection 

OF 1 MGM, NeO-SYNEPHRIN IN 0.5 CC. VOLUME 

“Reaction” (12 seconds after start of injection) consisted of spastic contraction of voluntary muscles, 
particularly those of the toes. “Severe reaction” (75 seconds) consisted of involuntary muscle twitches, 
jerking extremities, facial tic. 


from Lead II for dosages of 4 to 6 mgm. given 
subcutaneously. There is always an increase in 
the potential of the T wave and there is almost 
always a decrease in the potential of F, The po- 
tential changes in Leads I and III are, in general, 
similar to those observed in Lead II — ^the potential 
of P is decreased and that of T is increased. In 
3 cases with large doses — ^more than 7 mgm. neo- 
synephrin per square meter of body surface — ^the 
F wave disappeared, or became isoelectric, in all 
leads. In 2 instances, doses of 7 to 8 mgm. per 
square meter produced records indicating complete 
auriculo-ventricular dissociation. 

One of the interesting features of the neo- 
synephrin bradycardia is the relative constancy of 
the heart rate with all but very large doses. Not 
only do irregularities fail to appear but the normal 
respiratory sinus arrhjdhmia is usually reduced ; in 


table I 

Eleclrocardiographic changes resulting from the subcutaneous 
injection of 4 to 6 mgm. neo-synephrin in 32 experiments 
Representative normal young adults in basal rest, values 
before and after injection, the latter at the time of greatest 
bradycardia. Data irom Lead II only here. Q-T 
interval in seconds, potentials in millivolts (corrected for 
calibration). 



Pulse 

rate 

Q-T 

in- 

terval 

Potentials 

P 

R 

T 

Average before 

68 

45 

-17 

33 

0.38 

0.42 

0.12 

0 

'0.124 

0.091 

0 

0.15 

1.10 

1.08 

0.15 

0.21 

0.324 

0.461 

0.47 

-0.02 

Average after 

Maximum increase . . 
Minimum decrease . . 


5 experiments the heart rate became practically 
independent of respiration. 

The reduction in heart rate is almost entirely 
the result of an extension of the diastolic pause. 


Kl ITCTS OK NEO-SYNKIMIKIN 


0 


Tlic dni" npprars to hiivt; no ffli'cl on tlic condnc- 
tiou or sprond of the ncrvinis impulse from its 
nnnnal ori^^in. 

'I'lii' I'irctilalioii rote 

Tlie nnn-to-ton_mic circulation time wa'^ meas- 
ured before neo-synepbrin injection and aj^ain 
after tile bradycardia was well established. With 
all dosages greater than .v5 nigm. there was an in- 
crease in the circulation time, usually slight but 
occasionally very marked (c/. experiments num- 
bered 7. 8.’ 10, hV). 

R.K.G. inrosurriiinifs — tirarf sicr and ontj'ut 

It was .suspected beforehand that, bccau>e of 
the increased duration of diastole, the dia^lolic fill- 
ing of the lieart would be increascrl with a corre- 
sponding increase in stroke output. Jn general, 
this was found to be true. .An unexpected effect 
ol) served was the frequent increase in both dias- 
tolic and systolic size of the heart. The trans- 
verse diameter of the heart sometimes increased 
by more than a centimeter. It is obvious that not 
only does the heart fill more completely during 


TAHLi: n 

Effect of subcutaneous injection of neo-synephrin on arm- 
to-tonnuc circulation time in normal subjects as 
measured u'ith sodium dehydroctwiate 
‘‘Tinie flccholin” indicates the time, in minutes, after 
the noo-synephrin injection when the second injection of 
srxlitim dehydrocholatc was made. 
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10 
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OS 

1I4/6S 

t(C- 

ond$ 

16 

V.M. Dcccintxrr 5 

3.5 

72 

120176 

14 

14' 

00 

I30/S2 

118/76 

14 

K.ll. I)econ»!jcr 2S 

3.5 

72 

100/02 

14 

15' 

52 

10 

l>cc€7M»cr 10 

5.0 

5S 

111/70 

18 

16' 

46 

128/90 

25 
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5.0 

6G 

116/00 

19 

25' 

42 

1«/S2 
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5.0 
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120/70 
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5.0 
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lOS/oS 

22 
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120/74 

30 
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5.0 

CO 
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19 
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24 
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5.0 
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114/72 

10 

15' 

44 

I32/S1 
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5.0 
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13' 
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128/74 
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8.0 
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8.0 
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48 

138/84 

22 

H-S. Januarj' 22 

10.0 

56 

114/66 

10 

13' 

34 

1S8/100 

24 

Vvcrace^: 


OG 

112/60 

17.7 

17' 

47 

136/S4 

21.7 


diastole but that it empties less completely and 
there is a small amount of true dilatation. 


N.O 



Fig. 3. Blood Pressupe .\xd Pulse R.\te Changes Resulting eroh Oral Administration of 
250 MGM. Neo-svnephrin in Subject N. D., Norm.al AfALE in the Basal State 
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Pulse 


B.P. 


C. S.- 3/21- 10 mg. Neo Synephrine Subcutaneously 
Lead II Before Injection 




61.5 


110/64 




39.0 


156/96 



C. S. 3/21 - After 10 mg. Neo Synephrine s.c. i 
Lead II 34.5 Mins. After Injection 
Pulse B.P. ' 


38.5 


140/90 



41.5 


124/86 


54 Mins. After 








83 Ivlins. After 

63.0 116/78 

Fig. 4. Electrocardiographs (Lead II) Before and at Intervals After Subcutaneous 
Injection of 10 mgm. Neo-synephrin in a Normal Male 



Circulation by the acetylene method 

The results of 14 experiments in which the car- 
diac output was measured by the acetylene method 
are summarized in Table IV. 


The results from the acetylene method are in 
substantial agreement with the R.K.G. measure- 
ments. There was almost invariably a large in- 
crease in stroke output, amounting on the average 
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TAPLr, .III 

The effecl cf r.eo-syr.ephrin on the site and slrohe of the 
heart as measured by roentacnhymocyaphic methods 
Sented position throughout. “Dose" in rngm. injected 
subcutancouflv. Heart volumes and stroke outputs in 
cc., minute volumes in liters. 




Before 

Afle- 

rate 

IJtiri 

Tclss:., 

StreVt 

rel- 

use 

5fin- 

titc 

rnl- 

Ilnrl 

rate 

Heart 

roluae 

Stroke 

TOl- 

tme 

Min- 

nie 

TOl- 

lldC 

O 

7 . 

5 

O 

K 

o 

C 

1 

o 

*o 

VO-l 

aji 

f.S 

655 

507 

76 

.9.1 

63 

601 

623 

SI 

5.1 

LC-1 


SI 

652 

631 

65 

5.1 

54 

70S 

650 

74 

4.0 

LC-2 

3^ 

S2 

on 

629 

67 

5.5 

53 

701 

645 

70 

3.7 

D.\ 

3^ 

63 

551 

5TO 

67 

5.0 

69 

571 

503 

S7 

6.0 

LR 

4,0 

SI 

497 

1S( 

55 

4.6 

61 

521 

471 

64 

4.1 

BS-l 

5.0 

75 

576 

.531 

5S 

4.4 

50 

599 

540 

64 

3J 

NS 

5.0 

75 

751 

CM 

70 

51! 

53 

f09 

746 

SI 

4.3 

EH 

5.0 
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31 
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70 

sy 
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5.3 

45 

623 
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5.0 
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60 

4.S 

54 

WO 
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79 

4.3 

LC-3 

SD 

75 

CSl 
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67 

5.1 

51 

746 

cso 

77 

3.9 

WIL 

tJO 

71 

527 

«i 

47 

3A 

46 

507 

551 

59 

2.7 

E3 

10.0 

62 

7SS 

724 

59 

4.6 

55 

fiio 

753 

73 

4.0 

Vo^ 

10.0 

61 

C22 

5M 

51 

43 

67 

671 

616 

70 

4.0 

BE 

10.0 

75 

C03 

555 

61 

4.6 

42 

623 

66S 

77 

3.2 

Aitn^ts 


77 

612 

5W 

62 

4S 

54 

CIS 

539 

75 

4.1 


TABLE IV 

Measurements by the acetylene method of the minute output 
of the heart before injection and_ during 
neo-synephrin bradycardia 

Minute volumes in liters of blood per minute, stroke 
outputs in cc. 


Subject 

Dose 

Before | 

1 

After 

a Cl 

Stroke 

output 

Minute 

volume 

rt cr 

Stroke 

output 

Minute 

volume 

L.C. December 12 

3.5 

81 

64 

5.20 

54 

70 

3.78 

December 30 


82 

53 

4J1 

67 

62 

4.16 

Ua* May 6 

4.0 

85 

59 

5.05 

67 

58 

3.87 

B.N. April 10 

5.0 

62 

82 

5.12 

42 

136 

5.70 

April IS 

5.0 

66 

84 

5.56 

42 

89 

3.74 

April 22 

5.0 

82 

64 

5.27 

58 

78 

4.52 

UWat* April 24 

5.0 

76 

02 

4.75 

58 

91 

5.26 

rrxh. Jane to 

s.o 

77 

90 

6.92 

45 

96 

4JZ 

yuil December 13 

5.0 

79 

84 

6.68 

75 

83 

6.24 

kvV.-.. December 22 

5.0 

73 

49 

3J6 

50 

75 

3.74 

PW*! May 2 

6.0 

75 

65 

4.83 

51 

110 

S.61 

hS- May 20 

6.0 

80 

48 

3,84 

48 

127 

6.10 


10.0 

62 

71 

4.56 

33 

108 

3.56 

VuM December IS 

10.0 

81 

85 

6.91 

55 

70 

3.84 

Averages: 


76 

68.8 

5.19 

53 

89.4 

4.60 


,* "After” determinations made during period of return 
01 heart rate toward normal from maximum bradycardia. 


to 30.0 per cent of the pre-injection value. The 
average increase in stroke volume was consider- 
ably greater in the measurements by the acetylene 
ttiethod than indicated in the experiments in which 
toe II.K.G. method was used. This difference 


may be a result of the fact that the acetylene 
measurements were made with the subject recum- 
bent, while the x-ray films were always taken with 
the subject seated upright. We have noticed that 
signs of circulatory insufficiency never appeared 
after neo-synephrin injection when the subjects 
were recumbent, but in the upright seated position 
vertigo resulted on several occasions and once ac- 
tual syncope intervened. 

Ejects in the atropinised subject 

Ten normal subjects were used, each of whom 
was studied on different occasions with: (7) 4 to 
10 mgm. neo-synephrin given subcutaneously, (2) 
0.65 to 1.3 mgm. (%oo to Vso grain) atropine 
given subcutaneously, and (5) atropine followed 
by neo-synephrin. With neo-synephrin alone all 
of these subjects responded in the characteristic 
manner described earlier in this paper. Atropine 
alone had slight but characteristic effects on the 
pulse rate in all cases. An initial slight fall per- 
sisted for about 20 or 25 minutes and then was 
succeeded by a rise to 10 to 15 beats per minute 
above the basal value. Atropine alone had no 
significant effect on the blood pressure. As 
judged by the characteristic flush, diy mouth and 
dilated pupils, the full atropine effect was obtained 
in about 40 minutes and lasted 40 to 60 minutes 
after this. 

When neo-synephrin was injected after atro- 
pinization had been established, the blood pressure 
in both systole and diastole immediately rose and 
reached higher values than those produced by neo- 
synephrin alone in the same subjects. The pulse 
rate immediately declined and then rose rapidly to 
120 or more in the presence of full atropinization. 
With incomplete atropim'zation the pulse rate like- 
wise immediately declined after injection of neo- 
synephrin and then rose above the basal rate and 
tended to remain moderately elevated. Typical 
results illustrating these points are summarized in 
Figures 5 and 6. 

^With a standard dosage of 5 mgm. neo- 
synephrin given subcutaneously, the average maxi- 
mum effect in these particular subjects was an in- 
crease of 22 mm. in the systolic and 13 mm. in the 
diastolic blood pressure. With the same dosage 
in the same subjects after atropinization, the aver- 
age maximum effect of neo-synephrin was an in- 
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T(ME in MINUTES 

Fig. S. Effect of Neo-synephrin in the Fully Atropinized Normal Subject 
At A 1,28 mgm. (1/50 grain) atropine subcutaneously. At NS 5.0 mgm. neo-synephrin subcutaneously. 
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Fig. 6. Effect of Neo-synephrin in the Partly Atropinized Normal Subject 
At A 1,28 mgm. (1/50 grain atropine subcutaneously. At NS 4.0 mgm. neo-synephrin subcutaneously. 
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crease of 62 mm. in the s 3 'stolic and 52 mm. in 
the diastolic blood pressure. The “decholin” cir- 
culation time \ras measured in 5 atropinized sub- 
jects reccidng 5 mgm. nco-synephrin subcutane- 
oush-. In all cases the "decholin” circulation time 
^\■as shortened ; the average was a reduction from 
21.1 seconds to 16.9 seconds. 

Palicjiis with cardiac abnormalities 

The effects of subcutaneous and intravenous in- 
jection of neo-sj-nephrin were obscr\’cd in patients 
presenting various t 3 ’pes of tach 3 ’cardia and of 
brad 3 ’cardia. 

In general, the results with these patients were 
entirel 3 ’ consistent ^rith our belief that the normal 
effect of neo-S3'ncphrin on the heart rate operates 
through the mgus ner\’e on the sinus node. The 
drug was practicall 3 ’ without effect on the heart 
rate in 5 cases of ventricular and supra-ventricular 
tach 3 ’cardia. In one case of the latter, where the 
heart rate alternated from a rate of 60 to 70 to 
parox 3 'sms of 170 lasting from 5 to 30 minutes, 
a total subcutaneous dosage of 25 mgm. in 50 min- 
utes appeared to be entirel 3 ' without effect except 
for a slight rise in blood pressure. 

In another case of supra-ventricular tachy- 
cardia, the heart rate had been 180 for 12 hours 
before neo-synephrin was administered. Subcu- 
taneous injection of first 5 and then 10 mgm., fol- 
lowed by 2 mgm. intravenously, was without effect 
on either blood pressure or heart rate. Further 
intravenous injection of 10 mgm. neo-synephrin 
over a period of 5 minutes increased the blood 
pressure by 30 mm. but still had no effect on the 
pulse rate. 

In paroj^sms of tachycardia of sinus origin, 
however, neo-synephrin injection has a prompt 
and satisfactory result. We have used the drug, 
>n 5 mgm. subcutaneous injection, on 4 subjects 
who are prone to spells of sinus tachycardia but 
are otherwise entirely normal. On every occasion 
the paroxysm of tachycardia was rapidly dispelled, 
the heart rate dropping from a rate of 120 to 140 
to 60 to 80 in 5 to 8 minutes. 

According to our limited experience, more se- 
vere sinus tachycardias are likewise readily con- 
trolled with the drug. For example, Mrs. A., 
University of Minnesota Hospital Number 698875, 
who had a history of occasional very prolonged 


and exhausting paroxysms of tachycardia, sud- 
denly developed a heart rate of 160 to 180 per 
minute. After 16 hours the heart rate was 160, 
blood pressure 110/90. The E.C.G. show’ed the 
tach 3 'cardia to be of sinus origin. Subcutaneous 
injection of neo-synephrin, 0.2 cc., 1 per cent 
solution, elevated the blood pressure to 125/100 in 
7 minutes with no change in heart rate. Twenty 
minutes after the first injection, 0.5 cc. of 1 per 
cent solution of neo-synephrin was injected subcu- 
taneously. In 8 minutes the blood pressure rose 
to 150/105 and the pulse rate dropped abruptly 
to 96 and declined further to 88; in the next 5 
minutes the blood pressure fell to 140/95. This 
patient showed no further tachycardia during her 
stay in the hospital. 

Sinus bradycardia responds to neo-synephrin 
w'ith a further decline in the pulse rate. This was 
noted in 3 subjects with athletic brad 3 'cardia and 
was particularl 3 ’ well shown in a case of sinus 
bradycardia of unknown origin in a young man 
with no other discernible abnormality. Before in- 
jection the heart rate was 42, blood pressure 
120/62. After subcutaneous injection of 5 mgm. 
neo-S3Tiephrin, the heart rate fell to 34 to 36 and 
the blood pressure to 112/64. The E.C.G. ^vas 
entirely normal at all times. The fall in blood 
pressure in this case is interesting though im- 
explained. 

Subjective sensations 

The administration of epinephrine in amoimts 
sufficient to produce a pronoimced pressor effect 
is attended by sensations of acute anxiety, cardiac 
oppression and throbbing blood vessels. These 
sensations are frequently referred to the elevated 
blood pressure. With a dosage as large as 10 
mgm. neo-synephrin given subcutaneously, there 
may be a sense of cardiac oppression and fullness 
in the neck and chest but the feeling of anxiety is 
almost entirely absent. Ordinary injections of 
neo-S3Tiephrin — 5 mgm. subcutaneously — produce 
no subjective sensations at all in spite of the 
bradycardia and hypertension. 

In the atropinized subject the sudden rise of 
blood pressure and pulse rate follo\ving injection 
of neo-s 3 Tiephrin gives rise to a sensation of car- 
diac oppression and fullness in the neck and chest 
and may be attended with sharp pains in the head 
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which disappear quickly. Even in these cases, 
however, the typical anxiety of epinephrine injec- 
tion is absent. 

Neo-synephrin in large dosage — ^more than 8 
mgm. subcutaneously — has a marked effect on the 
pilomotors of the skin. The hair “stands on end” 
and the subject usually remarks on a prickly sen- 
sation, particularly at the hair line of the forehead. 
In some cases “goose pimples” appear over an area 
of 20 to 40 sq. cm. around the site of injection. 

Animal experiments 

Experiments were made on dogs and rabbits for 
comparison with human beings and to test the in- 
terpretation of several points. Normal unanes- 
thetized animals responded precisely like human 
beings to intravenous and to subcutaneous neo- 
synephrin — ^the blood pressure rose and the pulse 
rate fell. 

The dominant role of the vagus in the brady- 
cardia of neo-synephrin was shown in experiments 
in which the vagi were sectioned or in which the 
perfused isolated heart was used. In all experi- 
ments of this type the effect of neo-sypnephrin on 
the heart rate was qualitatively not to be distin- 
guished from that of epinephrine. 

DISCUSSION 

By any method of administration the duration 
of action of neo-synephrin is longer than obtained 
with epinephrine. All of the subjects used in the 
present experiments were also tested with epineph- 
rine; in general, the effective duration of action 
of neo-synephrin was from 2 to 4 times as long as 
that of epinephrine. 

The qualitative resemblance between neo- 
synephrin and epinephrine is apparent in several 
important effects on the heart. Kuschinsky (12) 
reported that the coronary flow is markedly in- 
creased with neo-synephrin and later (13) demon- 
strated a marked dilatation of the coronaries in 
perfused preparations with constant blood pres- 
sure. We have also observed that neo-synephrin 
produces a pronounced increase in blood flow from 
the coronary sinus in heart-lung preparations of 
dogs and in isolated perfused hearts of rabbits.® 
If the degree of positivity of the T wave of the 

3 We are grateful to Dr. Gordon K. Moe for help in 
these experiments. 


E.C.G. may be taken as an indication, we may as- 
sume a similar effect on coronary flow in man. 
Even in the absence of true coronary dilatation we 
should expect a considerable augmentation of the 
coronary blood flow from neo-synephrin because of 
the increased blood pressure and the prolongation 
of the diastolic period during which most of the 
coronary flow takes place. 

Neo-synephrin has a direct stimulatory action 
on the denervated, isolated or vagotomized heart, 
both as to rate and force of contraction (cf. 4, 5, 
22). However, the cardiac-accelerating potency 
is relatively much less than the pressor potency, so 
that even in the completely denervated heart it is 
possible to inject neo-synephrin at a rate which 
produces a pressor response without cardiac accel- 
eration (22). 

It might be suggested that neo-synephrin sensi- 
tizes or potentiates the pressure receptors in the 
carotid sinus and aortic arch and causes brady- 
cardia by enhancing the reflex to hypertension. 
Against this view is the finding of Nathanson (18) 
that neo-synephrin prevents cardiac standstill pro- 
duced by mechanical pressure on the carotid sinus 
in sensitive persons. Another significant fact is 
that neo-synephrin can produce definite brady- 
cardia in man when the blood pressure is prac- 
tically unaffected. 

The observed increase in stroke volume result- 
ing from neo-synephrin is accounted for by direct 
stimulation of the myocardium and prolongation 
of the period of diastolic filling of the heart. This 
latter effect also accounts for the increased dias- 
tolic size of the heart. The increased systolic size 
of the heart indicates, of course, an increase in the 
amount of residual blood in the heart. 

The work done by the heart per beat is increased 
by neo-synephrin. The total work per minute is 
also increased on the average. With a dosage of 
about 5 mgm. given subcutaneously, the product 
of mass of blood times pressure is usually slightly 
increased. Moreover, since the systolic discharge 
period is practically unaltered and the stroke vol- 
ume is increased, there must be an increase in the 
velocity of systolic flow in the aorta and therefore 
an increase in the kinetic work done. 

In comparison with epinephrine and other 
sympathomimetic amines the action of the heart is 
remarkably regular with neo-S 3 mephrin. Orth et 
al. (20) compared a number of sympathomimetic 



EFFECTS OF NEO-SYNEPIIRIN 


11 


amines under c 3 'cIopropanc anesthesia and found 
tliat nco-syncpiirin did not cause acceleration and 
u-as the least apt to produce cardiac irregularities. 
Cranston and Bietcr (3) studied rabbits under 
spinal anesthesia and reported that the effective 
pressor dose/“toxic” dose ratio for neo-synephrin 
is lower than for other sympathomimetic drugs 
except synephrine; cardiac irregularity was the 
prindpal criterion of toxicity. 

We have noted that the systolic volume of the 
heart is somewhat increased b}' neo-synephrin. 
This suggested the possibility that the pressure in 
the atria might be increased owing to less com- 
plete ventricular discharge in systole. Accord- 
ingly, direct venous pressure measurements were 
made in a series of experiments. 

In 7 normal adults the venous pressure rose 
slight!}' after injection of neo-synephrin, being 
from 2 to 8 cm. (average 4.5 cm.) higher at the 
time of maximum effect of the drug with dosage 
of 5 or 6 mgm. subcutaneously. Iglauer and Alt- 
schule (9) have reported a similar but greater rise 
in venous pressure resulting from paredrine. 
They suggest that this effect in the case of pared- 
rine, at least, is a result of “venous constriction,” 
but we are unable to understand how peripheral 
venous constriction, if it occurs, can raise the 
venous pressure central to the valves in the veins. 
In the case of neo-synephrin the drug increases the 
output per beat of the heart but it appears that this 
augmentation is gained partly at the cost of a dila- 
tation which requires a greater average venous 
pressure for filling the heart. 

The action of neo-synephrin as a vasoconstrictor 
in local application is widely used. It might be 
thought, then, that it has a specially powerful ac- 
tion on the cutaneous vessels but this is not strictly 
true. With subcutaneous or intravenous injec- 
tion, administration of neo-synephrin never pro- 
duces generalized blanching and pallor like that ob- 
tained with epinephrine in equal pressor dosage. 

The results of the present study indicate that 
neo-synephrin stimulates effectors of both sympa- 
thetic and parasympathetic nervous systems ^the 
action of the drug is partly adrenergpc and partly 
cholinergic. A predominance of the adrenergic 
action is evident in the pressor action, augmenta- 
tion of the heart contraction, dilatation of the 
coronaries and excitation of the pilomotor system. 
A predominant cholinergic action on the vagus best 


explains the bradycardia. Another cholinergic ac- 
tion is suggested in the reports of physiologically 
trained persons tested with neo-synephrin who 
state that large dosages cause definite sensations 
of excitation of the detrusor muscle of the bladder 
and inhibition of the sphincter vesicae. A rela- 
tive balance of adrenergic and cholinergic effects in 
a number of organs is indicated in the absence of 
marked changes in respiration, pupil size, sweat 
secretion and splenic contraction. (Hemoglobin 
concentration is constant.) 


SUMMARY 


The threshold dosage of neo-synephrin in the 
average adult is about 2 mgm. subcutaneously, 0.4 
mgm. intravenously and 50 mgm. orally. The 
threshold effect is a decline in pulse rate and usu- 
ally a slight increase in blood pressure. 

The average dosage of neo-synephrin for satis- 
factory' pressor and cardiac effect is about 5 mgm. 
subcutaneously, 0.8 mgm. intravenously or 250 
mgm. orally. With these dosages the pulse rate 
declines 15 to 35 beats per minute, the systolic 
blood pressure rises 15 to 40 mm., and the diastolic 
blood pressure rises 10 to 30 mm. 


of neo-synephrin in normal adults is about 10 
subcuWBly, 1,5 mgm. i„,mve„ously, and 
300 mgm. per os. With rare exceptions no sensa- 
tions or symptoms other than pilomotor excitation 
are elicited hy dosages below these levels. 

Neo synephrin increases the positivity of the T 
wave, decreases that of P, and prolong^ ,he d,,,. 
tohe pause ; othenvise thp r r • ^ 

chang^ed. atdi.cl™SS-i“S 

Neo-synephrin produces an increase in fR • 
of the heart in both diastnle j the, size 

stroke output of the heart is The 

minute output of the helrt js the 

decreased. There is aXh 
circulation time and a Sjht of the 

pressure. The total work of venous 

In the atropinized subject th ^"creased, 
neo-synephrin is augmented 
produced. The same result is obt is 

mized animals and in the icpt ^ vagoto- 

heart. or denervated 
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TIME in MINUTES 

Fig. 1. Blood Pressure and Pulse Rate Following Subcutaneous Injection of 400 mgm. 

Synephrin Tartrate in 4 cc. (Two Sites) 

O. H., normal young man. 


rin tartrate is shown in Figure 2. The irregulari- 
ties and marked bradycardia are in sharp contrast 
with the results of subcutaneous injection. 

The electrocardiogram 

In general, synephrin tartrate in dosages up to 
400 mgm. subcutaneously has no effect whatever 
on the electrocardiogram. In 2 instances, inver- 
sion of Po was produced with 400 mgm. An ex- 
ample of this is shown in Figure 3. In this sub- 
ject, P 3 was also very slightly inverted. In con- 
trast with epinephrine, ectopic and premature beats 
do not appear. Orth, et al. ( 8 ) noted that in 
dogs under cyclopropane anesthesia epinephrine 
produces multifocal ventricular tachycardia but 
that synephrin tartrate does not have such an effect 
in comparable (pressor) doses. 

Circulation time 

. The circulation time (arm-to-tongue) is almost 
invariably shortened by synephrin tartrate in dos- 
ages of 200 to 400 mgm. given subcutaneously. 
The greatest reduction in circulation time tends 


to appear somewhat later than the maximun 
pressor response. Typical results are given ii 
Table I. 

Heart size and output 

The results of measurements of heart size anc 
output by the roentgenkymographic method art 
shown in Table II. The stroke output of the 
heart is generally increased, sometimes very mark- 
edly, and the net effect of slight reduction in pulse 
rate and this increase in stroke is usually to pro- 
duce an augmentation of the minute volume of 
the heart. 

Measurements of the stroke output and minute 
volume of the heart by the acetylene method are 
in general agreement with the roentgenkymo- 
graphic measurements but the increases produced 
by synephrin tartrate tend to be larger in the acety- 
lene experiments. The explanation for this appa- 
rent quantitative discrepancy is to be found in the 
effect of posture {cf. tbe preceding paper). The 
effects of synephrin tartrate in the semi-recumbent 
position are illustrated in Table III. 



Hn-HCT.S OK SYXKPHRIX TARTRATE 
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TIME in SECONDS after INJECTION 

Fir.. 2 . I.vTR.WK.vovs Administration- of 100 mom. of Svnephrin Tartrate in 5 cc. Saline Solution 

0\-EB A Period of 60 Seconds 

L. M., normal young man. Pulse rates measured by continuous E.C.G. 


Effects in the alropinizcd subject 

S\-nephrin tartrate injections were made in nor- 
mal persons after atropine injection, .‘\tropine 
dosages of 0.65 to 1.3 mgm. (J^im to %n grain) 
were used subcutaneously; all the subjects were 
also separately tested with atropine and with sy- 
aephrin tartrate alone. The results on pulse rate 
and blood pressure in a typical experiment are 
given in Figure 4. 

In all cases the parasympathetic paralysis pro- 
duced by atropine resulted in an intensification of 
the pressor effect of synephrin tartrate but the 
most marked result was on the pulse rate. After 
atropine, even in small doses (Vioo grain), the 
pulse rate was always accelerated by synephrin 
tartrate and the responses were qualitatively iden- 
tical with those produced with epinephrine. 

Subjective sensations 

Like neo-sjmephrin, synephrin tartrate fails to 
produce the familiar anxiety which results when 


epinephrine is given. The subjective sensations 
produced by synephrin tartrate, both alone and 
after atropine, are indistinguishable from those of 
neo-synephrin and, in general, are conspicuousl}'^ 
absent with therapeutic dosages. 

mscussiox 

It is clear that both neo-synephrin and syneph- 
rin tartrate have some well-marked parasympa- 
theticomimetic effects. From experiments with 
epinephrine in atropinized subjects, and in vagot- 
omized as well as atropinized animals, a similar 
but smaller action on the paras)'mpathetic system 
was demonstrated. Synephrin tartrate occupies 
an intermediate position between epinephrine and 
rieo-synephrin with regard to the vagus-like effect 
on the heart rate at a given pressor dose level. 

Youmans, Haney and Aumann (9) estimated 
the cardiac-accelerator potency of these drugs in 
the deneiA^ated dog heart and found epinephrine 
to be about 25 times as powerful as synephrin 
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TABLE I 

Ejfect of subcutaneous injection of synephrin tartrate on 
arjn-to -tongue circulation time in normal persons as 
measured with sodium dehydroclwlate 

“Time decholin" indicates the time, in minutes and 
seconds, after the sjmephrin tartrate injection when the 
second injection of sodium dehydrocholate was made. 
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effect) 

69 
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18.9 


66 
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tartrate in this respect. We find the same order 
of difiference in the fully atropinized human sub- 
ject. 

The early publications (op. cit.) on synephrin 
tartrate stressed the long duration of action of 
this drug as compared with epinephrine. We do 
not find any significant difference between syneph- 
rin tartrate and neo-synephrin in this respect. 
The low pressor potency of synephrin tartrate has 
mitigated against its useful application as a pressor 
substance. However, the toxicity of the drug is 
relativel}’^ veiy low, so that the therapeutic index — 
toxic dose/pressor dose — is veiy favorable. 
Cranston and Bieter (2) studied the utility of a 
number of pressor drugs in the prevention of the 
hypotension of spinal anesthesia in the rabbit. 
They found synephrin tartrate to be much su- 
perior to the other drugs tested in respect to the 
margin of safet}’’ between pressor and toxic dosage. 
If we consider that cardiac irregularities and 
“nervousness” indicate beginning toxic action, 
then our results in man are in full agreement that 
synephrin tartrate has a higher therapeutic (pres- 
sor) index than epinephrine or ephedrine. 

The synephrin tartrate used by us is a racemic 
mixture and this is the only form at present 


O.H. 8/1/40. BEFORE. 



AFTER 400 mg. S.T. 



Fig. 3. Ixversiox of P- Resultixg from Subcutaneous Injection of 400 mgm. 

Synephrin Tartrate 
O. H., normal young man. 



EFFECTS OF SVXEPnniN TARTRATE 
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Fig. 4. Eftect of Atp.opi.ve (%o Geaik Subcutakeouslv) o.v the Blood Pbessure axd Pulse Rate Following 
Subcutaneous Injectio.n of 300 mcm. Synephrin Tartrate in a Normal Young Man 


TABLE II 


TABLE HI 


The effect of subcutaneous injection of synephrin tartrate on 
the stroke output and systolic volume of the heart of normal 
Testing young adults in the upright seated position 
Each value for heart size and output is the average from 
measurements made on 2 roentgenkymo^ms. Heart 
volumes and stroke outputs are in cc., minute volumes 


The effect of subcutaneous injection of 400 mgm. of synephrin 
tartrate on the output of the heart of normal resting 
young adults in the semi-recumbent position 

Measurements by the acetylene method. • Values for 
stroke output in cc., minute volumes in liters. 
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60 149/74 514 86 5.18 
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available. Since, like other related drugs, the 
dextro isomer is almost inert physiologically, we 
might predict that levo-synephrin tartrate would 
he a very useful drug if it could be made avail- 


O.H. August 1 63 108/70 74.6 4.70 67 iscffis iin-«T7 

F.M. Augusta 73 120/60 S63 4.11 73 icn)?? Hr'i 

B.E. Auguste 59 102/60 78.0 4 60 56 

H-Mc. August 8 73 124/70 76.0 sfs fl f'?: 

Averages 67 71.2 67.5 ^ 

able. In almost all respects, except total potency 
synephnn tartrate appears to warrant the claimi 
of the German workers that it is one of the mosi 
satisfactory pressor agents yet developed. 

SUMMARY 

controiw en- 

vronmena and physiological condition., of the 
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cardio-circulatory effects in man of racemic sy- 
nephrin tartrate. 

The threshold subcutaneous dosage is about 100 
mgm. and the indicated therapeutic dosage for 
pressor action is about 400 mgm. given subcu- 
taneously. 

In normal man synephrin tartrate produces a 
marked rise in systolic blood pressure, a slight 
rise in diastolic blood pressure and a slight fall 
in pulse rate. With subcutaneous administration 
these effects are at a maximum in 10 to 30 min- 
utes after injection and the effects persist in 
diminishing degree for more than an hour. 

Synephrin tartrate produces a well-marked rise 
in stroke output of the heart and an increase in 
the minute volume. The arm-to-tongue circula- 
tion time is shortened. 

The systolic heart size is slightly diminished 
with therapeutic doses of synephrin tartrate. The 
electrocardiogram is generally unaltered but occa- 
sionally P may be depressed. No irregularities in 
heart action have been seen in any of our studies. 

It is believed that synephrin tartrate is inter- 
mediate between epinephrine and neo-synephrin in 
its relative sympathetico-parasympathetico-mimetic 
action. 
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In 1937 Butler (I) reported two cases of hy- 
pertension associated with unilateral kidney dis- 
ease in whicli the hj-pertension was apparently 
abolished by the rcmoral of the affected kidney. 
Since that time, there have been numerous reports 
(2 to 6) concerning the blood pressure changes 
occurring after the extirpation of a single diseased 
kidney in h^-pertensive patients. Although marked 
reductions in blood pressure have been reported 
following this t}-pe of operation, it appears that 
in the majority of cases the blood pressure of 
these patients had not returned to a normotensive 
level after the extirpation of the affected kidney. 
Indeed, Schroeder and Fish (6) in an analysis of 
preidously published reports and a study of their 
own patients came to the conclusion that the ef- 
ficacy of this particular surgical measure was veiy 
limited. Wilson and Byrom (7) and Friedman, 
Jarman and Klemperer (8) also reported that 
in their experimental animals the resulting hyper- 
tension from unilateral kidney derangement did 
not entirely disappear when the affected kidney 
was removed. These observers were inclined to 
believe that the persistence of the hypertension in 
their animals was related to the organic changes 
in the arterioles of the remaining kidney, which 
occurred during the prior existence of hyperten- 
sion. 

Since the hypertension present in individuals 
wth unilateral kidney disease has been assumed to 
be due initially to this deranged kidney, it was 
thought advisable to study the renal hemodynamics 
Jn such hypertensive patients, both before and 
after the removal of the diseased kidney. In this 
communication, the results of such a study, to- 
gether with the blood pressure changes following 
nmlateral nephrectomy, are reported. 


METHODS 

Each of the five patients studied received a thorough 
physical and laboratory examination, and the diagnosis 
of unilateral Iddne}- disease was defim'tively established 
by intravenous and retrograde urography. 

The effective renal blood flow and the rate of glomeru- 
lar filtration were determined by the diodrast i and inulin 
clearances, respectively. The same procedures as de- 
scribed in a prerious report (9) were followed. A blood 
pressure reading was obtained at the beginning and at 
the end of clearance determinations and the pressure yal- 
ues recorded in Table I-A represent the mean of these 
two readings. 

The clearance values of the separate kidneys were also 
obtained by ureteral catheterization in three of the five 
patients. With the exception of one patient, the clearance 
determinations were performed upon each patient three 
times — immediately before nephrectomy, 13 to 19 days 
after nephrectomy and again 56 to 135 days following 
nephrectomy. Thus the immediate and late effects of 
the nephrectomy upon the hemod 3 -namics of the remaining 
kidney were followed. All clearance values were adjusted 
to 1.73 square meters of surface area. 

CASES 

Five hypertensive patients with unilateral kid- 
ney disease were studied. The pertinent obser- 
vations in each case are detailed below. 

Case 1, C. P., male, age 24 years. 

History. The patient was sjmptomless and the hyper- 
tension was discovered on routine physical examination. 

Positive findings on examination. The blood pressure 
before operation ranged from 130/100 to 180/120. The 
retinal arteries were normal in appearance. Intravenous 
and retrograde urography revealed an atrophic left kid- 
ney and a hj-pertrophied right kidney. Differential PSP 
reT.-ealed 22 per cent excretion of the dye from the right 
ki&ey with but a trace from the left kidney in 30 minutes. 
Microscopic and chemical examination of the voided urine 
revealed no abnormalities. 

^The diodrast used in these experiments was given to 
us by the Wmthrop Chemical Company, 
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Course. The left kidney was removed on February 14, 
1941. Following the operation, the patient’s pressure de- 
creased slightly but not significantly. When examined on 
April 25, 1941, the blood pressure was 160/100. 

Pathological study of removed kidney. The removed 
kidney appeared grossly hypoplastic. On microscopic ex- 
amination, there was evidence of chronic inflammation. 
No arteriolar disease observed. 

Case 2. C. S., male, age 34 years. 

History. The patient was discovered to have hyper- 
tension on routine physical examination. He had no 
symptoms and was known to have had a normal blood 
pressure in 1939. 

Positive findings on e.vamination. The blood pressure 
before operation ranged from 140/120 to 165/125. Reti- 
nal arteries were slightly attenuated with slight degree 
of A-V impression. Intravenous and retrograde urogra- 
phy revealed a large hydronephrotic left kidney with 
widely dilated calyces. The right kidney appeared en- 
larged, but otherwise normal. Catheterized urine speci- 
mens from the separate kidneys revealed no microscopic 
or chemical abnormalities, and were bacteria-free. 

Course. The patient was first operated upon February 
20, 1941, at which time a leaf of redundant pelvic mucosa 
was found obstructing the ureter at its junction with the 
kidney pelvis. The obstruction was relieved, and the di- 
lated pelvis was reduced in size by partial resection. 
Despite the relief of the hydronephrosis, the hypertension 
persisted. The patient was again operated upon on May 
28, 1941, and the left kidney was removed. The patient’s 
blood pressure decreased following the nephrectomy and 
has remained reduced. When examined on July 15, 1941, 
the blood pressure was 130/90. The renal clearance de- 
terminations performed upon this patient were done before 
and after the second operation. 

Pathological study of removed kidney. The removed 
kidney weighed 175 grams. There was some thinning of 
the cortex, and the pelvis and calyces were markedly en- 
larged. Microscopic examination of the kidney revealed 
areas of chronic inflammation, but the glomeruli were 
normal in appearance. The smaller arteries and arterioles 
also were normal in appearance. Because this kidney was 
subjected to prior surgical measures the evidences of 
present infection were probably due to the nephrostomy 
drainage. 

Case 3. J. G., male, age 18 years. 

• History. The patient had observed increasing breath- 
lessness on exertion for one year. 

Positive findings on e.vamination. The blood pressure 
before operation ranged from 180/114 to 258/154. There 
was slight attenuation of retinal arteries but otherwise 
there were no abnormalities. Intravenous and retrograde 
urography revealed a normal right kidney, but a small 
and atrophic left kidney. Differential PSP revealed .22 
per cent excretion of the dye from the right kidney and 
8 per cent excretion from the left kidney in 30 minutes. 
Catheterized urine specimens from the separate kidneys 
revealed no microscopic or chemical abnormalities and 
were bacteria-free. 


Course. The patient was operated upon March 11, 1941, 
and an atrophic kidney was removed. Immediately fol- 
lowing the operation, the blood pressure fell from 208/140 
to 120/70, but at the end of one week the pressure rose 
to 160/90. In the succeeding months it has ranged from 
130/80 to 160/100. When last examined on July 26, 1941, 
the blood pressure was 160/110. 

Pathological study of removed kidney. The kidney 
weighed 40 grams. The cortex was markedly distorted 
by old areas of scarring in which obliterated tubules, 
arteries and glomeruli could still be identified. Through- 
out the medulla and the cortex, small collections of plasma 
cells and lymphocytes were seen. The smaller arteries and 
arterioles were seen to be the seat of marked arterio- 
sclerosis, consisting chiefly of subintimal hyalinization 
with partial obliteration of the vessel lumen. 

Case 4. C. B., female, age 34 years. 

History. Patient was operated upon in August, 1939, 
at which time a calculus was removed from the pelvis of 
the left kidney. At that time she had a normal blood 
pressure, but when examined again in January, 1940, it 
was observed that her blood pressure was 210/130. Since 
that time the pressure has remained consistently elevated. 

Positive findings on examination. The blood pressure 
before operation ranged from 170/95 to 220/110. The 
retinal arteries were attenuated with moderate A-V im- 
pression. Intravenous and retrograde urography revealed 
a normal right kidney, but the upper calyces of the left 
kidney appeared dilated. Catheterized urine specimens 
from the separate kidneys revealed no microscopic or 
chemical abnormalities. 

Course. The patient was operated upon April 9, 1941, 
at which time it was observed that the left kidney was 
surrounded by a dense scar capsule. Following the opera- 
tion, the blood pressure decreased to 120/75 and in the 
succeeding months, it has increased slightly. When last 
examined on June 23, 1941, the blood pressure was 150/90. 

Pathological study of removed kidney. The kidney 
weighed 124 grams. The cortex had many depressed, 
irregular areas covered by scar tissue. On microscopic 
examination, many areas of the kidney were seen to be 
filled with lymphocytes and atrophic tubules. The glo- 
meruli appeared normal and there was no evidence of 
arteriolar sclerosis. 

Case 5. M. F., male, age 34 years. 

History. For the past several years the patient had 
observed increasing dyspnea on exertion. The duration of 
the hypertension could not be ascertained but in 1936 the 
patient passed a small renal calculus. 

Positive findings on e.vamination. The blood pressure 
before operation ranged from 195/135 to 250/150. The 
retinal arteries were tortuous and irregmlnr with marked 
A— V impression. Intravenous and retrograde urography 
revealed a normal appearing right kidney but a calculus 
was observed in the pelvis of the left kidney which ap- 
peared to obstruct the flow of urine at the ureterd-pelvic 
orifice. The pelvis and calyces of the left kidney were 
also markedly dilated. An Addis count of a 24-hour urine 
collection showed 100,000 casts, 71 million red blood cells 
and 13 million white blood cells. 
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Course. T!ic nMiail w.ns operated upon June 20, 1941, 
and the left kidney was removed. The blood pressure fell 
to 130/90 immedintcly following the operation, but on 
June 28, 1941, it had apiin increased to 160/110. Since 
then, the pressure has continued to remain somewhat be- 
low the pre-operative rauKc but it is questionable whether 
the reduction is significint. When last examined on Au- 
gust 15, 1941, the blood pressure was 185/120. 

Pallwlorjical study of the removed kiditey. Microscopic 
c.\amination of the removed kidney revealed small foci 
of lymphocv-tcs and plasma cells diffusely distributed 
throughout the medulla and cortex. There was some 
obliteration of glomeruli observed. There was also severe 
involvement of l)oth the smaller arteries and arterioles 
consisting of subintimal byalinization, with marked en- 
croachment upon the vessel lumen. The smaller arteries 
also showed considerable hyperplasia of the media. 

RESULTS 

A. The renal clearance determinations before 
unilateral nephrectomy 

As Table I-A indicates, there was considerable 
variation in the blood pressure level of each pa- 


tient as determined during his hospital stay before 
operation. At the time of the clearance deter- 
minations the average blood pressure of the entire 
series was 173/117 (range; 150/100 to 220/135). 

The total effective renal blood flow (both kid- 
neys) was found to vary considerably in the five 
patients studied (Table I-A). Thus, in Cases 1, 
2, 3 and 5 there was a diminution in the effective 
renal blood flow, the values being, respectively, 
720, 522, 665 and 675 cc. per minute, whereas in 
Case 4, the flow was 1073 cc. per minute, a value 
within the normal limits. In general, it appeared 
that the diminution in the flow was related to the 
severity of the hypertension (10) rather than to 
the specific pathology of the kidney. The renal 
blood flow determinations of the separate kidneys 
in three of the five patients (Table I-B) indicated 
that the blood flow in the apparently normal kid- 
ney was greater than in the diseased kidney. 

The total inulin clearance (both kidneys) also 
was found to vary markedly (Table I-A). Thus, 
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A. Total renal clearance determinations before and after unilateral nephrectomy 
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in Cases 1 and 4, the inulin clearance was consid- 
erably diminished, being 83.0 and 78.0 cc. per 
minute, respectively. However, in Cases 2, 3 and 
5, the clearance values were within the limits of 
normal, being 118, 114, and 132.0 cc. per minute, 
respectively. The clearance determinations of the 
separate kidneys in Cases 1 and 2 (Table I-B) 
indicate that, although the inulin clearance was 
greater than normal in the unaffected kidney, it 
was reduced in the diseased kidney. 

The filtration fraction was high in Cases 2, 3 
and 5, being 31.8, 31.3 and 28 per cent, respec- 
tively. In Case 1 the filtration fraction was 21.9 
per cent and in Case 4, it was but 14.1 per cent. 
The reduction in the inulin clearance of these last 
two cases accounts for the lower filtration frac- 
tion values. 

B, The renal clearance determinations after 
unilateral nephrectomy 

It is apparent from Table I-A that, in the four 
patients studied immediately after nephrectomy 
(13 to 19 days) and while they were still hos- 
pitalized, there was a reduction in blood pressure. 
It was significantly reduced in three cases (Cases 
2, 3, 4) and the range of pressure was slightly 
reduced in the fourth case (Case 5). However, 
it should be emphasized that all were potentially 
or actually hypertensive. In the succeeding weeks 
and months little change could be detected in the 
pressure values of these four patients. The re- 
maining Case (Case 1), when followed later, 
showed no significant reduction in his pressure as 
compared to the pre-operative level. Thus, in this 
series, although four of the five patients had a 
reduction in blood pressure after operation, only 
in three cases was it marked. Finally, none had 
a normal blood pressure when last examined, al- 
though Cases 2 and 4 were observed at times to 
have had a normal blood pressure. 

The renal blood flow was studied in four of the 
five patients (Table I-A) after operation (13 to 
19 days). It is of interest that, in those cases 
showing marked reduction in hypertension, the 
renal blood flow remained essentially the same or 
increased. Thus in Cases 2, 3 and 4, the renal 
blood flow was, respectively, 522, 665 and 1073 cc. 
per minute before and 590, 1040 and 1040 cc. per 
minute after the extirpation of the diseased kid- 


ney. However, in Case 5, the renal blood flow 
was 675 cc. per minute before, and 381 cc. per 
minute after operation. In this latter case, there 
was also little reduction in the blood pressure. 
When the blood flow determinations were repeated 
later (56 to 135 days) in these same four patients, 
it was found that comparatively little change had 
occurred in any of them (Table I-A). The re- 
maining case (Case 1), when examined, had a 
renal blood flow of 965 cc. per minute, represent- 
ing an increase over the pre-nephrectomy value of 
720 cc. per minute. The observation that the 
renal blood flow in one remaining kidney equalled 
or exceeded the flow of both kidneys before ne- 
phrectomy in four out of five of these cases sug- 
gests that the remaining kidney, after nephrec- 
tomy, increased its flow. The pre-nephrectomy 
determinations of the flow of single normal kid- 
neys in Cases 1, 4 and 5 (Table I-B), and a 
comparison of these determinations with those 
taken after the nephrectomy, indicate without 
much question that the flow had actually in- 
creased in the remaining kidney. For in Cases 

1, 4 and 5, the renal blood flow was 638, 659 and 
334 cc. per minute, respectively, before, and 965, 
1025 and 422 cc. per minute, respectively, after 
the nephrectomy. Finally, it should be empha- 
sized that, despite the fact that the last renal 
blood flow determinations upon Cases 1, 3 and 4 
indicate that there was no renal ischemia (even if 
it is assumed that the remaining kidney had hyper- 
trophied to almost twice normal size), these pa- 
tients were hypertensive at the time of the last 
clearance examination. 

In each of the four cases studied immediately 
after the nephrectomy (13 to 19 days), there was 
a reduction in the inulin clearance (Table I-A). 
Before operation the clearances varied from 78.0 
to 132.0 cc. per minute; after operation, from 63.5 
to 90.0 cc. per minute. When these four patients 
were re-examined later (56 to 135 days), it was 
found that the clearance had increased in Cases 

2, 4 and 5, and decreased in Case 3. In the re- 
maining patient (Case 1), the. inulin clearance was 
133.0 cc. per minute, a value much higher than 
that observed prior to the removal of the affected 
kidney. Examination of the data in Table I-B 
indicates that the remaining kidney actually had 
increased its ability to excrete inulin. 
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Tlic maintenance of a relatively unchanged or 
increased renal blood flow and a diminution in the 
inulin clearance in Cases 2, 3 and 4 immediately 
after nephrectomy (13 to 19 days) cfTected a re- 
duction in the filtration fraction. In Cases 2 and 
3, the reduction was quite marked (Table I-A), 
but in Case 4, because of the relatively small 
cliange in the inulin clearance, there was only a 
decrease of 4 per cent in the filtration fraction. 
In Case 5, where not only the inulin clearance but 
also the renal blood flow decreased after opera- 
tion, there was also a decrease of 4 per cent in 
the filtration fraction. On rc-examination later 
(56 to 135 days), however, the filtration fraction 
\\’as obseiAxd to have increased in Cases 2, 3, 4 
and 5. In the remaining case (Case 1), the fil- 
tration fraction was 20.9 per cent, a value slightly 
lower than the one found before nephrectomy. 

DISCUSSION 

In a previous study of hypertensive patients 
without unilateral kidney disease (10), it was 
found that there was usually, but not always, a 
reduction in renal blood flow, a relatively normal 
glomerular filtration rate and a high filtration 
fraction. In the present series, the renal blood 
flow also was reduced in four of the five patients, 
but the inulin clearance was reduced in two, with 
a concomitantly lower filtration fraction. Because 
of this variability it is apparent that the diodrast 
and inulin clearance tests will not afford a positive 
clue as to the presence or absence of unilateral 
kidney disease, unless the kidneys are evaluated 
separately. If the latter is done, there will prob- 
ably be a diminution in the diodrast and inulin 
clearances in the diseased kidney as compared to 
the clearances obtained from the opposite kidney. 

The removal of the diseased kidney in the five 
patients studied resulted in an increase in the 
blood flow and in the glomerular filtration rate of 
the remaining kidney in each of the five cases, 
despite the fact that several types of kidney lesions 
were present in this series of patients. 

Although the nephrectomy was followed by un- 
questioned reduction of the blood pressure in three 
of the five cases, there was slight or no improve- 
uient in the remaining two. Also, varying degrees 
of hypertension remained in all five patients. 


Despite the fact that there was no ischemia of 
the remaining kidney following nephrectomy in 
three of the five patients, hypertension was found 
to be present in all of them. The presence of 
hypertension without renal ischemia in these pa- 
tients, and the occasional demonstration of a simi- 
lar state of affairs in the hypertensive patient with- 
out unilateral kidney disease (10), are suggestive 
evidence that renal ischemia may be a concomi- 
tant, but not necessarily a causative factor in the 
pathogenesis of human hypertension. The pro- 
duction of experimental renal hypertension in 
dogs (11) without the initial or later occurrence 
of renal ischemia further strengthens this view. 

CONCLUSIONS 

1. The total diodrast clearance was found to be 
reduced in four out of five patients having uni- 
lateral kidney disease with hypertension. It was 
more reduced in the affected kidney than in the 
normal one. The total inulin clearance was dimin- 
ished in two, and normal in the remaining three 
patients. 

2. The removal of the diseased kidney was fol- 
lowed by an increase in the renal blood flow and 
in the glomerular filtration rate of the remaining 
kidney in all five patients. 

3. There was a significant blood pressure reduc- 
tion in three of the five patients, but in none was 
there a complete return of the blood pressure to 
normal when last examined, despite the fact that 
in three of these patients there was no ischemia 
of the remaining kidney. 
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C. Johnson and W. J. Kerr of the University of Cali- 
fornia Medical School, and to Doctors L. Emge, T. Addis, 
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The use of radioactive iodine as an indicator in 
tl^Toid physiolog}' has been described by Hertz, 
Roberts and Evans (1) and by Hertz, Roberts, 
Means and E\'ans (2, 3). Haniillon and Soky 
(4) have publislied data obtained by the use of 
radioactive iodine on goiter patients of several 
tj^pes. 

We have administered radioactive iodine 
(mainly the 8-day isotope P*’). obtained bj' bom- 
barding tellurium with deuterons in the Massa- 
chusetts Institute of Teclinolog)' cyclotron, to 22 
patients tvith Graves’ disease and to 2 nonna! 
indi\-iduals. By this means we have investigated 
the absorption and excretion of labelled doses of 
iodine of \-arious sizes, administered at various 
tmes during the course of pre-operative iodiniza- 
tion and at various inter\’als before operation. 
In addition, the amount of iodine taken up by 
Ae thyroid and the distribution of the labelled 
iodine between the iodine-containing fractions of 
the thyroid have been determined in 19 eases. 

PROCEDURE 

Patient with Graves’ disease were selected who had 
... iodine previous to hospital admission. Labelled 
all ^j'’'^^,^‘^™"i®tered as sodium iodide by mouth and 
• ..j iodinization was in the form of potassium 
iMide in saturated solution. 

tim obtained at operation in 19 eases, at which 

glands" ti’o residual tissue was made. The 

of H fractionated according to the method 

acid- 5 nr^f^°” following alkaline hydrolysis. The 
niined f" acid-insoluble fractions were then deter- 
that labelled iodine. It was found 

directly a uptake of labelled iodine could not be 
inarkedlv tissue samples because of the 

k about !?°j'“”’krm distribution of the labelled iodine. 
— the cases, relative measurements of the 

ke supported mainly by a grant from 

® grant fr" ^ Markle Foundation, and also by 

Sica! Resp^, * t f®*" Medical and Sur- 

I'r of Harvard University. 


amount of labelled iodine present in the thyroid W'ere 
made by means of an external Geiger-Muller counter at 
various intervals after administration. The usual clinical 
observations were made, including the basal metabolic 
rate. Patients were at complete rest in the hospital and 
on an ordinarj’ house diet. Fluid intake was not re- 
stricted. 

The procedure for each uniodinized patient was as fol- 
lows; The basal metabolic rate was determined after 
a preliminary’ period of bed rest. Labelled iodine was 
then administered by mouth, and urines were collected in 
12 cases. The uptake of labelled iodine by the thyroid 
was measured for 13 patients at various times after ad- 
ministration of the labelled iodine by means of an ex- 
ternally placed Geiger-Muller counter. No further iodine 
was given until these external measurements indicated 
that the thyroid iodine level had reached a relatively con- 
stant value. At this time routine iodinization (minims 
5 saturated solution of KI, twice daily) tras begun. 
When maximal metabolic and clinical response liad been 
reached 6 to 10 days later, 19 patients were subtotally 
thyroidectomized and an estimate of the residual thyroid 
tissue was made. A small portion of the excised gland 
was reserved for histologic study, and the remainder was 
fractionated chemically. The two fractions obtained, 
which we call "T” and "D” according to the notation 
of Salter (6), represent the thyroxine-like and diiodo- 
tyrosinc-like fractions of the thjToid iodine. These frac- 
tions were assayed for both ordinary (total) iodine con- 
tent and for labelled iodine. 

The labelled iodine excreted in the urine was deter- 
mined for most patients during the first few days fol- 
lowing the administration of labelled iodine. Labelled 
blood iodine was determined in a few cases. 

Cases 1, 2, 3, 4, 5, 9, and 10 received ordinary iodine 
prior to the administration of the labelled dose. The 
interval of preiodinization given in Table I is the time 
between the first dose of ordinary iodine and the dose of 
labelled iodine. In only one of these cases. Case 10, was 
the patient totally iodinized by clinical standards before 
the administration of the labelled dose. 

Cases 16 and 28 were normal persons and were, of 
course, not operated upon. In addition, Cases 15, 17, 
and 22 were not operated upon for clinical reasons. 

The details of individual iodim'zation procedure are 
given in Table 1. The first clinical experiments were 
designed to afford data on the thyroid uptake from a 
labelled dose of iodine at various degrees of iodinization 
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TABLE I 


Metabolic and iodinization data in Graves' disease and normal controls 


Case 

number 


Basal metabolic rate j 

Labelled 

dose 

Days between labelled 


Initial 

j Final 

Interval of 
preiodinization 

iodine administration 
and operation 

Remarks 

1 

+45 

1 

1 +49 

days 1 

3 i 

mgm. j 

56 

8 

Partially iodinized Graves 

2 

+35 

+ 17 

3 

6.4 

5 

Partially iodinized Graves 

3 

+50 

+ 5 

f i 

15 

2 

Partially iodinized Graves 

4 

+40 

+25 

IS 

60 

10 1 

Partially iodinized Graves 

5 

+30 

+ 7 

1 

10 

18 . 

Partially iodinized Graves 

6 

-i-40 

+16 


21 

8 j 

Uniodinized Graves 

7 

+38 

+25 


60 

5 i 

Uniodinized Graves 

8 

+60 

+43 


325 

7 

Uniodinized Graves 

9 

+45 

+20 

2 

4.8 

3 

Partially iodinized Graves 

10 

+48 

+28 

IS 

2.5 

1 

Completely iodinized Graves 

11 

+40 

+18 


2 

8 

Uniodinized Graves 

12 

+45 

+31 


2 

8 

Uniodinized Graves 

13 

+25 

+ 15 


0.23 

10 

Uniodinized Graves 

14 

+40 

+24 


16 

11 

Uniodinized Graves 

15 

+45 

+45 


0.23 

Not operated 

Uniodinized Graves 

16 

— 

— 


2,25 

Not operated 

Normal person 

17 

+37 

+12 


5 

Not operated 

Uniodinized Graves 

18 

+45 

+25 


0.1 

11 

Uniodinized Graves 

22 

+42 

+26 


0.55 

Not operated 

Uniodinized Graves 

24 


+31 


0.36 

18 

Uniodinized Graves 

25 

+33 

0 


0.36 

13 

Uniodinized Graves 

26 

+29 1 

+ 5 


0.35 

19 

Uniodinized Graves 

27 

+40 

+22 


0.35 

i 13 

Uniodinized Graves 

28 


17 


0.28 

Not operated 

1 

Normal person 


and at various dosage levels, and therefore present a 
cross-section of thyroid behavior. 

RESULTS 

Table II gives the results of the iodine frac- 
tionation of the thyroid tissue of the patients 
operated upon. It should be noted that the total 
iodine analysis cannot be compared directly with 
the labelled analysis, since the iodine in question 
has a different history. 

Other results are shown in Figures 1 to 3. 

A comparison of those patients who received 
ordinary iodine prior to the administration of 
labelled iodine with patients receiving similar doses 
of labelled iodine without any preiodinization I'e- 
veals that the completely iodinized patient. Case 
10, who received the labelled iodine the day before 
operation, had collected 2.0 per cent of the 2.5 
mgm. labelled dose, in contrast to the almost com- 
plete collection at that time by a previously un- 
iodinized patient, e.g., Cases 11 or 12. With less 
complete iodinization and a comparable labelled 
dose, as in Case 2, the value is intermediate, and 
in Case 9, where only one dose of 300 mgm. of 



Fig. 1. Labelled Iodine in the T Fraction of Thy- 
roid Iodine vs. Time Elapsing Between Administra- 
tion OF Labelled Iodine and Operation 
The open circles are for labelled iodine doses of less 
than 5 mgm. and the full circles for doses greater than 
5 mgm. In general, this curve shows an increasing pro- 
portion in the T fraction as the time increases, in agree- 
ment with the work of Gutman, Benedict, Baxter, and 
Palmer (7). 

KI had been given, no diminution in the collection 
of the subsequent labelled dose is evident. 
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TABLE 11 

Thyroid iodine analysis 


Ca»c 

runbw 

Thyroid 

treiRhi 

Total Iodine analysis 

Labelled Iodine analysis 

Labelled Iodine balance 

Total 

Iodine 

D 

■1 

Total 

iodine 

D 


1 

Thyroid 

Urine 

Sum 


grams 

rrfn. 

prr cent 

ger Cfni 

mem. 


1 fier C€fti 

Per cent 



1 

74 

65.6 

65 

35 

0.4 1 

68 

32 

0.7 

>19 

>20 

2 

SO 

11.7 

89 

11 

0.59 

96 

4 

9.2 

>64 

>73 

3 

46 

6.2 

81 

19 

1.19 

77 

25 

8.0 

87 

96 

4 

31 

5.2 

59 

41 

<1J7 



<2.3 

>50 

>50 

5 

39 

7.8 

76 

24 

< .03 



<0.3 



6 

46 

14.0 

1 72 

28 

1.25 

78 

22 

5.9 

67 

73 

7 

26 

I0.S 

65 

35 

<1.9 



<2.8 

>96 

>96 

8 

34 

7.1 

85 

15 

0.15 

57 

43 

0.05 

>95 

>95 

9 

38 

11.8 

71 

29 

2.46 

84 

16 

55 



10 

47 

11.2 

72 

28 

0.049 

92 

8 

2.0 



11 1 

34 

7.7 

66 

34 

0.62 

58 

42 

31 



12 

117 

6.1 

78 

22 

0J5 

77 

23 

28 



13 

34 

2.9 

78 

22 

0.031 1 

56 

44 

14 



14 

25 

17.5 

64 

36 

0,034 

70 

30 

0.22 

10 

72* 

18 

27 

12.6 

79 

21 

0.025 

32 

68 

26 

24 

58 

31.5 

73 

27 

0.069 

57 

43 

19 

34 

63* 

25 

24 

6.9 

68 

32 

0.075 

22 

78 

21 

37 

67* 

26 

40 

19.0 

SO 

20 

0.107 

63 

37 

29 

31 

69* 

27 

33 

18.6 

66 

34 

0.090 

47 

53 

24 

28 

59* 


* These values represent the sum of urinary iodine and initial thyroid uptake, the latter being obtained from the 
value found at operation and the shape of the curve for external GM counter measurements of the thyroid iodine. 


In those cases which were given larger amounts 
of labelled iodine the thyroid collection was lower 
than with small doses, and was correspondingly 
decreased by preiodinization. 



Fig. 2. Composite Curve for Thyroid Iodine Up- 
take IN 12 Untreated Patients With Classic Graves’ 
Disease 

Iodine is taken up rapidly by the toxic thyroid and then 
gradually released. The lower curve is for 2 normal 
persons. The scale of ordinates is arbitrary, but both 
curves are to the same scale. One completely iodinized 
patient with Graves’ disease showed an uptake similar 
to that of normal persons. 



Fig. 3. Urinary Excretion of Labelled Iodine in 
Typical Cases 

The lower curves for Cases 2 and 14 show the labelled 
iodine level in the blood in gamma per cent. 

DISCUSSION 

The main features of these results are in agree- 
ment with previous data obtained both with ani- 
mals and with patients. The rapidity of the col- 
lection of iodine in the thyroid after oral adminis- 
tration is such as to bear out the hypothesis that 
the time for initial thyroid iodine collection is 
simply the time taken by the iodine to reach the 
thyroid. The large percentage uptake from a 




















28 


S. HERTZ, A. ROBERTS, AND W. T, SALTER 


small dose is even more striking in Graves’ dis- 
ease than in our earlier experiments on rabbits 
whose thyroids were made hyperplastic with an- 
terior pituitary thyrotropic hormone (2, 3). The 
approximate balance with small doses of adminis- 
tered iodine on the one hand, and initial thyroid 
iodine plus urinaiy iodine on the other hand, shows 
that there is under these conditions no other prin- 
cipal iodine-storing organ. This is in agreement 
with previously reported analyses of rabbit organs 
in which the 25-minute isotope was used. With 
larger doses this balance is incomplete and iodine 
finds its way to other organs. 

The relations between dosage and initial collec- 
tion appear to be somewhat as follows: The un- 
treated Graves’ disease thyroid will collect up to 
an initial maximum of 80 to 90 per cent of a 
“small” dose (2 mgm. or less). For slightly 
larger doses (14 mgm.), this percentage may fall 
somewhat (4). If the final amounts found in our 
own patients at the 14 mgm. dosage level can be 
extrapolated back to give the initial collection, ac- 
cording to the curve for the small dosages in Fig- 
ure 2, the conclusion can be drawn that in most 
patients the initial thyroid iodine collection does 
not exceed about 5 mgm. from any one dose. 
This is in agreement with the finding in rabbits 
that a dosage ceiling can be found above which the 
absolute collection remains constant (2). Thus, 
very large doses give only a small percentage 
uptake. 

The difference in shape between the curves for 
thyroid iodine uptake in untreated cases and nor- 
mal persons shows that whereas, in the latter, little 
if any loss of iodine occurs within the next few 
days following the administration of iodine ; in the 
untreated cases, which take up large amounts of 
iodine, there is a definite loss of iodine from the 
gland during this period. This is of considerable 
interest, since in these patients we are effectively 
studying the fate of an amount of iodine similar 
to what may be encountered in the diet. Thus we 
see that the tliyroid in Graves’ disease does not 
tend to become saturated with iodine by accumu- 
lating small amounts, but tends rather to take up 
this iodine and later to secrete it, perhaps in calori- 
genic form. 

To summarize our picture of the metabolism 
of a single dose of iodine in Graves’ disease, we 
ma}’^ take as an example Case 18. This patient 


was an unmarried woman of 25 showing a basal 
metabolic rate of -}- 45, with classic symptoms and 
physical findings of moderate Graves’ disease. 
Following 4 days’ rest in bed, without specific 
medication, 95 micrograms of labelled iodine were 
administered orally. The basal metabolic rate re- 
mained unchanged by this amount of iodine, and 
observations of the labelled iodine uptake in the 
thyroid were made for about 2 weeks. Urine was 
collected in 12-hour specimens for several days 
after the administration of the labelled iodine. No 
other iodine was administered during the period 
of observation. The results of the external 
measurements gave a curve by means of which 
the initial collection was found to be 80 per cent 
of the administered dose after the curve was nor- 
malized by measurements of the excised thyroid. 
The urinary excretion accounted for 11 per cent. 
Blood samples were taken on the 3rd and 10th 
days. Iodine was administered routinely from 
the 9th day on. The basal metabolic rate showed 
a response from -f 45 to -1- 25. The patient was 
operated on the 15th day, and the gland was found 
to be diffusely hyperplastic, weighing 27 grams. 
The thyroid was analyzed and the results of the 
analysis are given in Table II. The total labelled 
iodine was 25.1 micrograms, of which 62.5 per 
cent was in the T fraction — an unusually high 
percentage. The total iodine was 12.6 mgm., of 
which only 21 per cent was in the T fraction. 
This conforms to the concept that older iodine is 
more likely to be in the T fraction than new iodine. 

The failure of the 55 per cent of the iodine, 
which was initially taken up by the thyroid and 
later released, to appear in the urine means that 
it is either elsewhere in the body or has been ex- 
creted by another route. However, the latter pos- 
sibility is remote, as indicated by the low blood 
level, and by Hamilton and Soley’s failure ever 
to observe more than a few per cent in the feces 
(4). Thus it appears that this iodine is dis- 
tributed through tissues other than the thyroid 
and the blood. Attempts to locate this iodine by 
means of the external counter met with no success. 
It therefore seems likely to us that it is fairly uni- 
formly and diffusely distributed since, if this were 
the case, the activity would be too weak to be 
detected. The problem now arises as to whether 
this iodine is in inorganic or organic combination. 
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and especially as to wliethcr it is in calorigenic 
fomi. Results of the analysis of the labelled 
blood iodine on the 10th day indicate that the 
major portion of the labelled blood iodine is in 
protein combination. 

SUMMARY 

Radioactive iodine was used as a tracer in the 
study of the metabolism of iodine in Graves’ dis- 
ease. In a series of 22 thyrotoxic patients and 2 
normal persons, we have studied the urinary ex- 
cretion, the thyroid uptake and retention, and the 
chemical distribution of the thyroid iodine. In 
agreement with results previously obtained with 
animals, Ave find the largest percentage uptakes in 
the thyroid at low dosage levels. Preiodinization 
irith commonly used clinical dosage causes a de- 
crease in the subsequent thyroid collection of a 
labelled dose. The hj’perplastic thyroid of 
Graves’ disease may collect initially 80 per cent 
or more from a suffidently small dose (2 mgm.). 
Urinaiy excretion accounts for most of the remain- 
ing iodine. Analysis of the thyroid after operation 
into thyroxine-like and non-thyroxine-like frac- 
tions shows a general trend of the labelled iodine 
to be increasingly in the former fraction as the 
time folloiring administration increases. Urinary 
and blood levels of labelled iodine are given. 


Wc wish to express our gratitude to Professor Robley 
D. Evans and Dr. James H. Means for their continued 
interest and encouragement. 
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RcccHtl}', attention has been called to the impor- 
tance of a special variety of Graves’ disease which 
differs from the classic varictj' in that the ophthal- 
mic manifestations become dissociated from the 
thjTotoxic (1). The characteristics of this spe- 
cial tj-pe, to which we shall refer as the ophthalmo- 
pathic tjpe of Graves’ disease, are : predominantly 
ocular sjTnptomatologj’ such as diplopia, chemosis, 
and edema; mild or absent thyrotoxic manifesta- 
tions ; normal or only slightl}' elevated basal meta- 
bolic rate; rapid decrease in metabolic rate to sub- 
standard levels upon administration of iodine; ab- 
sence or relatively slight degree of enlargement of 
thyroid; and positive thyrotropic assays of blood 
and urine. The behavior of cases of classic 
Graves’ disease toward radioactive iodine has been 
studied previously (2). We will now present 
parallel studies on the special ophthalmopathic 
t}'pe. 

PROCEDURE 

On the basis of previous experience (2), small doses of 
labelled iodine (less than 2 mgm.) were orally adminis- 
tered before any other treatment was given, especially 
before any other iodine. The thyroid iodine collection 
of the patient was followed by means of an externally 
placed Geiger-Muller counter and, in addition, urines were 
collected for 72 hours following the administration of the 
labelled iodine. (No appreciable iodine is excreted after 
this intervaL) 

The ophthalmopathic patients were compared directly 
with the classic type Graves’ disease patients both as to 
thyroid collection and urinary excretion. Normal con- 
trols were also followed. The classic type patients were 
operated upon and the thyroid labelled iodine determined 
directly on the excised gland. The ophthalmopathic group 
was not operated upon, since operation is thought to be 
wntraindica ted in this group. 

^This research was supported principally by a grant 
from the John and Mary R. Markle Foundation, and also 
by a grant from the H. N. C. Gift for Medical and Surgi- 
cal Research of Harvard University. 

* Presented at the American Society for Clinical In- 
vestigation meeting in Atlantic City, New Jersey, May 5, 


RESULTS 

The results of the external gamma ray measure- 
ments on the thyroid are shown in Figure 1. In 
this figure are plotted composite thyroid collection 
curv'es for each type of patient, as well as for nor- 
mal patients. The results are given for 6 classic 
and 5 ophthalmopathic type patients and for 2 
normal persons. The absolute value of the thy- 



DAYS 

Fig. 1. Thyroid Uptake as a Function of Time 
After Administration of the Labelled Dose 

The open circles are composite points for the classic 
type, the full circles for the ophthalmopathic type and the 
crosses for normal persons. 

roid collection of labelled iodine in the ophthalmo- 
pathic group is not accurate and may be in error 
by as much as 50 per cent in any one case, al- 
though the composite has a smaller probable error. 
This error is due to individual variation in thyroid 
size and anatomy. The relative differentiation 
between the two types is borne out by the iodine 
excretion in the urine as sho\vn in Figure 2. 

The initial basal metabolic rates and the final 
levels after complete iodinization (after the meas- 
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Fig. 2. Percentage of the Small Labelled Dose of 
Iodine Excreted Within 72 Hours by the Patients 
With Classic and Ophthalmopathic Types of 
Graves’ Disease and One Normal Person 

urements on the labelled dose were completed) are 
given in Table I. 


TABLE i 


Case 

Type 

Initial basal 
metabolic 
rate 

Final basal 
metabolic 
rate 

Iodine 
excretion 
{per cent) 

21 

Ophthalmopathic 

- 1 

- 2 

32 

23 

Ophthalmopathic 

4-46 

- 8 

56 

20 

Ophthalmopathic 

4-23 

-14 

37 

19 

Ophthalmopathic 

4-lS 

- 9 

48 

29 

Ophthalmopathic 

4- 2 

- 9 

56 

22 

Classic 

4-42 

4-26 

10 

25 

Classic 

4-33 

0 

37 

24 

Classic 

4-55 

4-31 

34 

27 

Classic 

4-40 

4-22 

28 

26 

Classic 

4-29 

4- 5 

31 

18 

Classic 

4-46 

4-25 

10 


DISCUSSION 

The difference in behavior between the two types 
of patients with Graves’ disease is seen to be as 
follows : The ophthalmopathic group takes up less 
of the test dose of iodine in the thyroid and ex- 
cretes more in the urine than the classic group, its 
behavior being in fact intermediate between the 
classic group and the normal. From this alone it 
might appear that the so-called ophthalmopathic 
group is merely a group of less severe classic cases. 


That this is not the case is indicated by a study of 
the metabolic rates and the degree of response to 
complete iodinization. One of the distinguishing 
characteristics of the ophthalmopathic group is its 
exceptionally large response to iodinization, fre- 
quently to minus levels. A correlation study of 
the basal metabolic rate after iodinization shows 
that the rank correlation coefficient between the 
final basal metabolic level and the urinary excre- 
tion is — 0.66 for all cases except the normal cases. 
This indicates that high urinary excretion of the 
test dose is well correlated with the level of basal 
metabolic response. The probability that this cor- 
relation is due to statistical fluctuation is 0.02. 

Since the urinary excretion of a test dose is thus 
a good index of the type to which the patient be- 
longs, this offers an additional convenient differ- 
ential diagnostic aid. The use of labelled iodine 
for this purpose is not essential, provided that 
chemical methods for assaying the urinary iodine 
are available. Labelled iodine is merely a con- 
venience for this purpose because of the great 
sensitivity and ease of the method. 

SUMMARY 

The ophthalmopathic type of Graves’ disease 
patient excretes more iodine from a 2 mgm. (or 
less) test dose and takes up less in the thyroid than 
the classic Graves’ disease patient. The urinaiy 
iodine excretion can be used as a diagnostic aid in 
distinguishing the two types of patients. 

We are grateful for the generous interest and encour- 
agement of Professor Robley D. Evans and Dr. J. H. 
Means. 
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We were led to invcslig.'itc this phase of adrenal 
cortical function by Evans’ observ'ation (1,2) that 
liver glycogen and blood glucose increased strik- 
ingly in rats exposed to low atmospheric pressure. 
Evans' studies clearly’ indicated that the phenom- 
enon did not occur in the absence of the adrenal 
cortex. However, treatment with adrenal cortical 
hormone preparations which were then available 
did not restore to normal the response of adrenal- 
ectomized animals. Rccentl}’ Armstrong and 
Heim (3) reported that hypertrophy of the ad- 
renals occurred in rabbits which were exposed 
repeatedly to low atmospheric pressure. Further- 
niore, it has been suggested that the asthenia and 
h}'potension which have been noted in aviators 
who have served continuously as pilots bear a 
resemblance to the clinical syndrome associated 
with adrenal cortical insufficienc)' (4). 

In this investigation rats, rabbits, dogs, mon- 
keys and human subjects have been exposed for 
single periods of 1.5 to 24 hours to mixtures of 
oxj-gen and nitrogen with the partial pressure 
of o:q,'gen adjusted to correspond to altitudes of 
11,000 to 34,000 feet (Table I). Exposure of 


TABLE I 

Altitude equivalent of oxygen-nitrogen mixtures 
used in these experiments 


Oxygen 

^^centration 

Partial pressure 
of oxygen 

AJtitude above 
sea level 

C€nt of dry gas 

mm. of Bg 

feet 

20.9 

159 

0 

13.8 

105 

11,000 

12.8 

98 

13,000 

10.5 

80 

18,000 

7.1 

54 

27,000 

5.2 

39 

34,000 


^An abstract of this paper was presented before the 
56th Annual Meeting of the Association of American 
Physicians, Atlantic City, May 6, 1941. 

^This study was aided by a grant from the Committee 
on Research in Endocrinology, National Research Council. 
’John D, Archbold Fellow-in-Medicine. 

‘John H. Harris Fellow-in-Medicine. 

’Dazian Foundation Fellow-in-Residence. 


larger animals and human subjects was accom- 
plished at low cost by using an apparatus which 
permitted the mixing of nitrogen with air (5). 


METHODS 


Male albino rats, ISO to 200 grams in weight, of the 
Sprague Dawley strain, were maintained on a diet of 
Purina Dog Chow. Bilaterally adrenalectomized rats 
were treated in addition with 1 per cent sodium chloride 
added to the drinking water, or with one 125 mgm. pellet 
of desoxycorticosterone acetate ® implanted subcutane- 
ously, or with 1 cc. of adrenal cortical extract injected 
daily. Rats were exposed to mixtures of oxygen and 
nitrogen in metabolism cages enclosed in glass bell-jars.* 
Samples of blood were obtained from the cut edge of 
the liver ® at the time that specimens of liver and muscle 
were removed for glycogen determination. The Folin- 
Malmros micro method (6) was used for the blood sugar 
determinations. Liver and muscle glycogen were deter- 
mined by the method of Good, Kramer and Soraogyi (7) 
after the tissue had been frozen in liquid nitrogen. 

Male albino rabbits, weighing approximately 2 kgm., 
were maintained on a diet of B-B Complete Rabbit Food 
Pellets (Maritime Milling Co., Inc.). Blood samples 
were obtained under oil from the heart. Rabbits as well 
as dogs and monkeys were exposed to mixtures of oxygen 
and nitrogen in metabolism cages enclosed in well venti- 
lated glass chambers.* 

Male dogs, weighing 10 to IS kgm. were kept in metab- 
olism cages and fed a constant diet consisting of 350 
grams of raw, ground beef to which SO cc. of Pet Milk 
was added. The technique used in the care of the dogs 
and in the collection of specimens has been described (8). 


« The pellets of crystalline desoxycorticosterone acetate 
and the desoxycorticosterone acetate in sesame oil used 
in this study were provided through the courtesy of Dr. 
E. Oppenheimer of the Ciba Pharmaceutical Products, 
Inc., Summit, New Jersey. ’ 

’ The adrenal cortical extract used in this study was 
generously supplied by Dr. David Klein of the Wilson 
Q>., Chicago, Illinois. 

*The mixtures of oxs'gen and nitrogen were circulated 
through the cages at a rate which was rapid enough to 
prevent the accumulation of over 0.5 per cent carbon 
dioxide. 


* The level of glucose in the blood from the cut edge 

m as that in the 

blood obtamed from the heart. 
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Bilaterally adrenalectomized dogs were maintained in 
good condition with 3 to 4 subcutaneously implanted pel- 
lets of desoxycorticosterone acetate (9). The methods 
used in the analysis of blood and urine have been de- 
scribed (10). 

Monkeys (Macacus rhesus), weighing approximately 
5 kgm., were maintained on a diet of milk, bananas, 
bread and raw vegetables. Samples of blood were ob- 
tained under oil from the heart. 

Normal human subjects, 25 to 40 years of age, were 
maintained on a constant diet in which the proportions 
of carbohydrate, fat and protein were S.O: 1.5: 1.25. The 
caloric content of the diet was adjusted to meet the 
metabolic requirements of each individual, while the min- 
eral content was kept constant for each subject. Fol- 
lowing a period of 5 days on the diet and an overnight 
fast of 15 hours, the volunteers were exposed in an 
oxygen tent for 5 hours. The gas mixing apparatus was 
modified for human use by introducing larger meters 
and by supplying room air to the mixer under slightly 
positive pressure with a small air pump. The air mixture 
was circulated and cooled through a conventional oxygen 
tent. The rate of ventilation (20 to 25 liters per minute) 
was sufficiently rapid to keep the carbon dioxide content 
of the air in the tent below 1 per cent. The subjects were 
kept in bed before, during and for a few hours after the 
exposure. Samples of tent air were collected at the same 
time as the samples of expired air. In some instances 
intravenous glucose tolerance tests were performed 
during anoxia. Blood samples for chemical analyses 
were removed under oil from the brachial artery. The 
hydrogen ion concentration of arterial blood was meas- 
ured with an improved glass electrode designed for use 
with the Beckman pH meter. 

OBSERVATIONS 

Carbohydrate metabolism 

1. Effect of exposure for 24 hours to oxygen at 
a partial pressure of 80 mm. Hg 

The increase in blood sugar and liver glycogen 
in rats exposed to a mixture of oxygen and nitro- 
gen of low oxygen tension (Table II) was similar 
to that reported by Evans in rats exposed to low 
barometric pressure and similar oxygen tension 
(1). A significant increase in the excretion of 

10 We are indebted to Mr. M. Stockton of the Ameri- 
can Meter Co., Albany, New York, for the meters (AL- 
19-1) which were used in this study. 

11 In this test 0.5 gram of glucose per kgm. of body 
weight was injected intravenously as a 20 per cent solu- 
tion in distilled water. The flow was adjusted so that the 
infusion was completed in 30 minutes. Capillary blood 
for sugar determinations was taken in the fasting state 
and at 30-minute intervals during a 4-hour period follow- 
ing the glucose infusion. 


TABLE II 

Effect of anoxia on the carbohydrate metabolism of normal 
rats: exposure for 24 hours to oxygen at a 
partial pressure of 80 mm. Hg 



Control 

Anoxia 

Number of animals 

4 

4 

Blood sugar 

70* 

104 

mgm. per 100 cc. 

(53-78) t 

(87-123) 

Liver glycogen 

40 

1,260 

mgm. per 100 grams 

(20-50) 

(1,010-1,630) 

Muscle glycogen 

440 

560 

mgm. per 100 grams 

(270-620) 

(520-620) 

Urine nitrogen 

70 

79 

mgm. per 100 grams body 
weight per 24 hours 

(pooled) 

(pooled) 


* The first figure indicates the average for the group, 
t The figures in parentheses indicate the range for the 
group. 


nitrogen was demonstrated only in experiments 
at lower oxygen tensions (discussed below). The 
glycogen which had accumulated in the liver of 
rats exposed to low oxygen tension disappeared 
after a subsequent 12-hour fast at approximately 
the same rate at which glycogen disappears from 
the livers of normal rats during such a fast. 

The blood sugar of dogs exposed to low oxygen 
tension for 24 hours did not increase. Changes in 
the liver glycogen of exposed dogs were not con- 
sidered significant because of the large spread in 
the values for fasting liver glycogen of control 
dogs. There was, however, a definite increase in 
the renal excretion of nitrogen and phosphorus of 
dogs during exposure to low oxygen tension for 
24 hours, suggesting that protein catabolism had 
increased somewhat. It is probable that the high 
liver glycogen of dogs fasted for 24 hours com- 
pared to the low liver glycogen of other species 
(Figure 1) is related to the marked difference in 
the diet of these animals (Table III), since dogs 
were maintained on a diet containing a high pro- 
portion of protein, whereas other experimental 


TABLE III 

Approximate Composition of the diets which were used nt 
preparation for exposure to low oxygen tension 


Species 

Per cent of dry weight 

Carbohydrate 

Protein 

Fat 

Rat 

68 

25 

7 


75 

22 

3 

Doe 

0 

73 

27 

IVTnnlrpy 

80 

10 

10 


65 

16 

19 
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Ito 

100 
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40 


» 


O 0 # 

2900 



rat rabbit dog 



I 

LG 

i 

MONKEY 


2000 


1800 


1600 

LIVER 


GLYCOGEN 

1400 

mgm. per 

1200 

100 grams 
tissue 

1000 


600 


600 


400 


200 



Fic. 1. The Effect of Anoxia (24 Hours at 10.S Per Cent O.) on Liver Glycogen and BloOd Glucose of 

Various Speoes 

The blood glucose and liver glycogen were determined in at least six animals of each species charted. The 
average values of animals exposed to an oxygen concentration of 10.5 per cent were charted and the average 
values of control animals were superimposed. The increase in blood glucose and liver glycogen is shown in solid 
black. 


animals and human subjects were maintained on 
s diet rich in carbohydrate. 

The blood sugar and liver glycogen of rabbits 
nnd monkeys exposed to a low oxygen tension for 
24 hours were considerably greater than the blood 
sugar and liver glycogen of control animals that 
bad fasted for 24 hours. Nitrogen excretion was 
uot studied in these animals. It was not feasible 
to expose human subjects for 24 hours. 

2 . Relation of the degree of anoxia to the change 
in carbohydrate metabolism 

When rats were exposed to various oxygen ten- 
sions for 24 hours (Figure 2) the glycogen in the 
liver varied inversely as the oxygen tension. Thus 
lu 14 per cent oxygen (105 mm. Hg partial pres- 
sure) the increase in liver glycogen was slight but 


definite. At the other extreme of 7 per cent oxy- 
gen (54 mm. Hg partial pressure) not only liver 
glycogen but also blood sugar increased greatly. 

3. Relation of acapnia to changes in carbohydrate 
metabolism during anoxia 

In one series of experiments 5 per cent carbon 
dioxide (40 mm. Hg partial pressure) was added 
to the mixture of oxygen and nitrogen. In the 
presence of carbon dioxide during anoxia liver 
glycogen increased definitely but less than it did 
without the addition of carbon dioxide (Table 
IV). The fact that the addition of carbon dioxide 
modified the increase in carbohydrate storage is 
compatible with the observation that anoxemia is 
decreased by the administration of carbon dioxide 
( 11 ). 
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BLOOD 
GLUCOSE 
mgm. per 
lOOcc, 



GLYCOGEN 
mgm. per 
100 grams 
tissue 


PERCENT OXYGEN : INSPIRED AIR 


Fig. 2. The Effect of Anoxia (24 Hours) on Blood Glucose, Liver and Muscle Glycogen of Normal Rats 


TABLE IV 


Changes in carbohydrate metabolism during anoxia: 
the effect of adding carbon dioxide to the 
mixture of oxygen and nitrogen 


Number of 
rats used 

Carbon- 

dioxide 

partial 

pressure 

O.xygen 

partial 

pressure 

Blood 

sugar 

Liver 

glycogen 

Muscle 

glycogen 


mm. Be 

mm. Hg 

mgm. Per 

mgm. Per 

mgm. Per 



1 00 cc. 

100 grams 

100 grams 

4 

0 

159 

70 

60 

440 

4 

0 

80 

104 

1,260 

560 

4 

40 

80 

91 

1 

500 

1 480 


TABLE V 

Effect of anoxia on the carbohydrate metabolism of adrenal- 
ectomized* rats: exposure for 24 hours to oxygen 
at a partial pressure of 80 mm, Hg 



Control 

(adrenalec- 

tomized) 

Anoxia 

(adrenal- 

ectomized) 

Number of animals 

3 

' 3 

Blood sugar 

54t 

42 

mgm. per 100 cc. 

(45-66)** 

(36-50) 

Liver glycogen 

30 

20 

mgm. per 100 grams 

(20^0) 

(20-30) 

Muscle glycogen 

250 

90 

mgm. per 100 grams 

(120-380) 

(70-100) 

Urine nitrogen 

74 , 

55 

mgm. per 100 grams body 
weight per 24 hours 

(pooled) 

(pooled) 


* Adrenalectomjzed rats were maintained with 1 per 
cent sodium chloride added to the drinking water, 
t The first figure indicates the average for the group. 

** The figures in parentheses indicate the range for the 
group. 


4. Relation of the adrenal cortex to carbohydrate 

metabolism during anoxia 

In adrenalectomized rats exposed to low oxygen 
tension (80 mm. Hg partial pressure) for 24 
hours liver glycogen did not increase (Table V). 
This confirms the studies of Evans (1, 2). Mus- 
cle glycogen and blood glucose of exposed adrenal- 
ectomized rats were below the low fasting level of 
unexposed adrenalectomized animals. A number 
of adrenalectomized rats maintained on sodium 
chloride did not survive the exposure. 

t 

5. Effect of adrenal cortical hormone therapy on 

the carbohydrate metabolism of adrenal- 
ectomized rats dn7-ing anoxia 

Injections of aqueous adrenal cortical extract at 
hourly intervals or a suspension of this material 
in oil at 6-hour intervals were followed by a rise 
in the blood sugar and liver glycogen of adrenal- 
ectomized rats during anoxia (Figures 3, 4). 
With this treatment adrenalectomized rats were 
enabled to tolerate a 24-hour exposure to an oxy- 
gen partial pressure of 80 mm. Hg without signs 
of hypoglycemia. Treatment with adequate quan- 
tities of potent adrenal cortical extract thus re- 
stored the ability of adrenalectomized animals to 
respond to anoxia in a mariner comparable to con- 
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Fig. 3. Effect of Anoxia (24 Hours at 10.5 Per Cent O,) and Adrenal Cortical Extract 

Treatment on Blood Glucose 


trols. There was no increase in the blood sugar 
or liver glycogen of adrenalectomized rats treated 
with sodium chloride or desoxycorticosterone ace- 
tate and exposed to low oxygen tension. 

<5. Effect of adrenal cortical hormone therapy on 
the carbohydrate metabolism of 
normal nnexposed rats 

It has been shown by Long et al. (12) that the 
administration of certain adrenal cortical hormones 
tends to augment carbohydrate storage and nitro- 
gen excretion. The liver glycogen content is of 
the same order of magnitude in normal and ad- 
renalectomized rats treated with adrenal cortical 
extract or ll-dehydro-17-hydroxycorticosterone 
it is in normal rats exposed to low oxygen ten- 
sions (Table VI). The increase in nitrogen ex- 
cretion of normal and adrenalectomized animals 


“ We are indebted to Dr. E. C. Kendall of the Mayo 
Clinic, Rochester, Minnesota, for the crystalline 11- 
dehydro-17-hydroxycorticosterone (Compound E). 


TABLE VI 


The effect of adrenal cortical hormone therapy on 
carbohydrate metabolism of rats 


Treatment 

1 

Con- 

trol 

Anoxia, 24 
hours al 80 
mm. Hg 
oxygen 
partial 
pressure 

Adrenal 1 
cortical ^ 
extract, I 
10 cc. in 

1 cc. oil 

ll-debydro- 
17-hydroxj'- ! 
cortico- 
Bterone, 

6 mgm. in 1 
1 cc. oil j 

Desoxy- 

cortico- 

sterone 

acetate, 

6 mgm. in 

1 cc. oil 

N^berof 

animals 

3 

s 

3 

1 ' 

3 

Blood sugar 
mjm. pfT SOO tc. 

70 

101 1 

103 

105 

63 

Liver glycogen 
vKQm. JKT too CC, 1 

EO 

1.260 

1,870 

1,210 

20 

Musle glycogen j 
wiTW. VtT too cc. 

440 j 

560 

300 

270 

140 

Urine nitrogen 
wpm. per 100 
fframs bmy vtighi 
ptr 24 hcur$ 

70 

i 

79 

78 

103 

68 


treated with 1 1-dehydro- 17-hydroxycorticosterone 
exceeded the increase observed during anoxia. 


7 . Effect of exposure for 1.5 to 6 hours to reduced 
o.vygen tension 

Preliminary observations suggested that in some 
animals a hypoglycemic phase might precede the 
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Fig. 4. Effect of Anoxia (24 Hours at 10.5 Per Cent Oo) and Adrenal Cortical Extract 

Treatment on Liver Glycogen 


increase in carbohydrate stores that occurs after 
24 hours of anoxia. A detailed study was made 
of the blood sugar, liver and muscle glycogen of 
rats exposed for 1.5, 3, 6, and 12 hours to reduced 
oxygen tension (59 mm. Hg partial pressure) . In 
the early hours of exposure no significant change 
in blood sugar was observed. However, the liver 
glycogen was considerably decreased during the 
early phase of exposure when compared to the 
liver glycogen of normal rats fasted for a similar 
period (Figure 5). 

An exposure period of 1.5 hours was selected 
for the study of the effect of extremely low oxygen 
tension on the blood sugar and liver glycogen of 
normal rats. The blood glucose during anoxia did 
not fall until the partial pressure of oxygen was 
reduced to 39 mm. Hg which was sufficient to 
reduce liver glycogen to a minimum (Figure 6). 
At this greatly reduced oxygen tension, fatal con- 
vulsions frequently occurred. However, very low 
liver glycogen was noted in animals that did not 
have convulsions. 


8. Effect of anoxia (5 hours) on normal 
human subjects 

Eight normal male subjects were exposed to an 
average oxygen tension of 98 mm. Hg after a 15- 
hour fast. Metabolic studies made during anoxia 
were compared to similar studies made during a 
comparable control period. All of the subjects ex- 
hibited most of the signs and symptoms which 
have been described in subjects exposed to low 
barometric pressure (Table VII). Severe frontal 
headache was noted in all but one case. Vaso- 
motor collapse occurred in two subjects. 

The significant metabolic changes are shown in 
Table VIII. Cyanosis was apparent in all cases, 
although the average arterial oxygen saturation 
was 83 per cent. Pulmonary ventilation was in- ■ 
creased approximately 25 per cent. A definite de- 
crease in hydrogen ion concentration was noted. 
Changes in oxygen consumption varied in different 
individuals but the average oxygen consumption 
of the group was increased about 5 per cent. De- 
spite the fact that there was no decrease in the 
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TABLE VII 


Effect on normal subjects of exposure to oxygen at a partial pressure of 98 mm. Hgfor 5 hours 


Subject 

H.A. 

S.D. 

C.G. 

R.G. 

B.K. 

G.K. 

R.L. 

— 

Summary 

Oxygen partial pressure in m7n. 
Hg 

91 

86 

101 

97 

102 

93 

101 

98 


Carbon dioxide partial pressure 
in mm. Hg 

5 

1 

5 

4 

4 

4 

7 

5 


Hyperventilation 

-b-t- 

+ + + 

+ -b + 

+ + 

-b-b 

+ + + 

+ + 

+ + 

8 

Tachycardia 

+ + 

+ -b 

+ 

+ + + + 

+ + 

+ + 

+ 

4* 

8 

Cyanosis 

+ + 

+ + + 

+ + 

+ + 

+ + -b 

+ -b 

+ + 

4* 4* 

8 

Frontal headache 

-b 

■b-b-f- 

0 

+ + + 

-b-b 

+ 

+ + 

-b+-b-b 

7 

Mental exhilaration 

+ 

0 

+ 

+ -b 

0 

+ + -b 

+ + 

+++ 

6 

General weakness 

0 

+ + -b 

0 

0 

-b-b 

0 

0 

-b 

3 

Fall in blood pressure 

0 

0 

0 

0 

-b-b 

0 

0 

-b-b-b+ 

2 

Syncope 

0 

0 

0 

0 

+ + -b 

0 

0 

++++ 

2 

Precordial discomfort 

0 

+ + 

0 

0 

0 

0 

0 

-b-b 

2 

Nausea or vomiting 

0 

0 

+ 

0 

0 

0 

0 

0 

1 


TABLE VIII 

Metabolic changes in normal subjects exposed to oxygen at a 
partial pressure of 98 mm. Hg for 5 hours 


Control Anoxia 

(8) (8) 


Arterial oxygen saturation, per cent. . 83 

Pulmonary ventilation, liters per hour 304 377 

Respiratory rate, respirations per 

minute 16 

Oxygen consumption, cc. per minute . 248 258 

Respiratory quotient 78 81 

Arterial pH 7.49 7.58 

Serum chloride, m. eq_. per liter 102.7 104.5 

Serum sodium, m. eq. per liter 138.4 138.0 

Serum potassium, m. eq. per liter .... 5.6 5.4 

Serum inorganic phosphorus, mgm. 

per 100 cc. 3.9 2.9 

Serum nonprotein nitrogen, mgm. 

per 100 cc 27 24 

Blood sugar, mgm. per 100 cc 90 91 

Urinary excretion of chloride, m. eq. 

per hour 6.5 5.9 

Urinary excretion of sodium, m. eq. 

per hour 6.5 6.6 

Urinarj^ excretion of potassium, 

m. eq. per hour 3.8 3.7 

Urinary excretion of phosphorus, 

grams per hour 0.023 0.012 

Urinary excretion of nitrogen, 

grams per hour 0.600 0.518 

Urinary excretion of water, cc. per 

hour 142 137 


average oxygen consumption, there was a definite 
and consistent decrease in nitrogen excretion, with- 
• out any increase in the serum nonprotein nitrogen. 
No significant change was noted in the fasting 
blood sugar, or in the curve following intravenous 
administration of glucose. Slight changes in the 
“T” waves of the electrocardiogram taken during 
anoxia were not prevented by the administration 
of glucose. 


Mineral metabolism 

1. Effect of exposure for 24 hours to low 
oxygen tension 

In rabbits and monkeys the electrolyte concen- 
trations in the blood of a control group of animals 
were compared with the concentrations in a group 
of animals exposed to low oxygen tensions for 24 
hours. With dogs it was possible to obtain ade- 
quate blood samples from the same animal prior 
to and following anoxia and at the same time to 
determine the renal excretion of electrolytes. 

A decrease in serum bicarbonate (2 to 5 m.eq 
per liter) and an increase in serum chloride (4 to 8 
m.eq. per liter) were noted following exposure to 
low oxygen tension for 24 hours. No significant 
change in the serum sodium or serum potassium 
was observed. When the exposure was associated 
with vomiting there was a rise in the nonprotein 
nitrogen. During the 24-hour exposure the renal 
excretion of potassium, sodium and chloride of 
normal dogs was greatly increased (Figure 7). A 
less marked increase in the excretion of inorganic 
phosphorus and total nitrogen was also noted. 
Similar but less exact changes were observed in 
the urine of normal rats exposed to low oxygen 
tensions for 24 hours. 

2. Relation of the adrenal cortex to changes in 
mineral metabolism during exposure to 
low oxygen tension (80 mm. 

Hg) for 24 hours 

It was possible to study the effect of anoxia 
upon two adrenalectomized dogs maintained with 
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Fig. 7. The Renal Excretion of Nitrogen and Electrolytes of Normal and Adrenalectomized 
Dogs Befopx, Dupjng, and After Exposure to 10.5 Per Cent Oxygen for 24 Hours 

esoxycorticosterone acetate and upon adrenal- of adrenalectomized animals to excrete an in- 
ctomized rats maintained with sodium chloride or creased quantity of nitrogen and phosphorus dur- 
esojcycorticosterone. The changes in blood chem- ing anoxia is consistent with the observation that, 
>try which occurred in the adrenalectomized dogs in the absence of the adrenal cortex, protein 
xposed to low oxygen tension were similar to the catabolism does not increase during anoxia. The 
hanges in blood chemistry that occurred in normal reason for the absence of any increase in the ex- 
logs during anoxia. There was also a striking cretion of sodium and chloride, despite the large 
ncrease in the renal excretion of potassium in increase in the excretion of potassium, was not 
drenalectomized animals that resembled the effect obvious. The failure of adrenalectomized animak 
'f anoxia upon the excretion of potassium in nor- to excrete excessive amounts of sodium and chlo- 
oal animals. The slight increase in nitrogen and ride during anoxia did not appear to be due to the 
>hosphorus excretion and the marked increase in maintenance dose of desoxycorticosterone acetate 
odium and chloride excretion that were noted in since adrenalectomized rats maintained on sodium 
lonnal dogs failed to occur in adrenalectomized chloride reacted in the same manner and since nor- 
inimals during exposure to anoxia. The failure mal animals treated with desoxycorticosterone ace- 
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tate excreted large amounts of sodium and chloride 
during anoxia. The absence of any rise in the 
blood nonprotein nitrogen or serum potassium indi- 
cates that neither renal failure nor adrenal insuf- 
ficiency was responsible for the failure of adrenal- 
ectomized animals to excrete increased quantities 
of sodium and chloride during anoxia. 

3. Effect of the "carbohydrate-regulating" factors 
of the adrenal cortex on the renal excretion 
of electrolytes at atmospheric 
oxygen tension 

From other studies (13) it was suspected that 
the increased secretion of adrenal cortical sub- 


stances possessing “carbohydrate-regulating” ac- 
tivity might increase the excretion of sodium and 
chloride. The effect of treatment with 11- 
dehydro-17-hydroxycorticosterone on the renal ex- 
cretion of normal and adrenalectomized animals 
was therefore studied (Figure 8). In the normal 
dog there was an increased excretion of nitrogen 
and phosphorus, and a more strikingly increased 
excretion of sodium, chloride and water. The 
marked increase in the excretion of potassium 
which occurred in normal and adrenalectomized 
animals during anoxia did not occur during treat- 
ment with ll-dehydro-17-hydroxycorticosterone. 
It was of interest to note that an adrenalectomized 
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Fig. 8. The Renal Excretion of Nitrogen and Electrolytes of Normal and Adrenalectomized 
Dogs Before, During, and After Treatment with ll-DEHyDRO-17-HyDROXYCORTicosTERONE 
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dog treated with 25 tngni. of ll-dehydro-17- 
hydroxycorticostcroiic showed the same changes in 
sodium, chloride, phosphorus and nitrogen excre- 
tion that were observed in normal animals during 
anoxia. The scnim concentration of sodium, po- 
tassium, chloride and carbon dioxide was not af- 
fected by treatment with ll-dehydro-17-hydroxy- 
corticoslerone, although a rise in nonprotcin nitro- 
gen occurred. 

4. Ejjcct of anoxia (5 hours) on the mineral 
metabolism of human subjects 

Qianges in the scnim concentration and renal 
excretion of electrolytes were studied in eight nor- 
mal subjects exposed to an average oxj'gen tension 
of 98 mm. Hg (Table VIII). There was a dis- 
tinct reduction in h 3 'drogen ion concentration. 
There was no change in the renal excretion of 
sodium and potassium, although the nonprotein 
nitrogen and phosphorus excretion were slightly 
reduced. 

In contrast to the increase in nitrogen and phos- 
phorus excretion which was obsen'cd during the 
24-hour period of anoxia in animal experiments, 
the excretion of these substances b)' human sub- 
jects during a S-hour period of anoxia was 
decreased. 


DISCUSSION 

The observations which compose this report 
were made by exposing experimental animals and 
human subjects to an atmosphere of reduced oxy- 
gen concentration at normal atmospheric pressure. 
No effort was made to simulate the changes in total 
pressure which occur at high altitudes. It is 
known, however, that the same degree of arterial 
oJQ'gen unsaturation occurs at moderately reduced 
oxygen tension whether this is due to low oxygen 
concentration or low total pressure (14). At 
greatly reduced pressures a difference in gaseous 
exchange, due to the increase in the mean free 
path of the gas molecules, may occur (15). 

The difference between liver glycogen of rats 
exposed to low oxygen tension and liver glycogen 
of control rats was larger than the difference noted 
in other species. This is due to the fact that, 
whereas the liver glycogen of rats fasted for 24 
ours is umformly almost negligible, in other spe- 
oes it is impossible to effect a total depletion of 
iver glycogen by starvation for 24 hours. 


Wiien dogs were exposed to low oxygen tension 
or treated w’ith adrenal cortical extract neither 
blood glucose nor liver glycogen rose significantly. 
This species peculiarity may be due to the fact that 
dogs were fed a diet composed almost exclusively 
of protein and fat. Thus, whether dogs were 
fed, fasted, exposed to low ojg^gen tension, or 
treated with adrenal cortical extract, the same type 
of foodstuff was being utilized. A similar phe- 
nomenon has been described in rats maintained on 
a diet rich in protein (16). 

A delay in the appearance of increased nitrogen 
excretion which occurs during anoxia was de- 
scribed by Brunquist et al. (17). This observa- 
tion is consistent with the fact that protein catab- 
olism is diminished during the early phase of 
anoxia and increased only in the later phase of 
anoxia. Furthermore, in the absence of the ad- 
renal cortex, no increase in protein catabolism 
occurs and the nitrogen excretion during the en- 
tire 24-hour period of anoxia is less than during 
a similar control period. 

The depletion of liver glycogen that occurs dur- 
ing the initial phase of anoxia was described by 
Paul Bert in 1878: "quand la depression est forte 
et qu’elle agit pendant longtemps (5 to 6 hours) le 
sucre diminue plus ou moins dans le foie” (18).’ 
During exposures to moderately reduced oxygen 
tension blood glucose is maintained at a normal 
level at the expense of liver glycogen. During 
exposures to greatly reduced oxygen tension a 
fall in blood glucose occurs after the liver glycogen 
has been exhausted. These experiments indicate 
that the primary effect of anoxia is exactly the 
opposite of the effect of adrenal cortical “carbo- 
hydrate-regulating” hormone, although the effect 
upon liver glycogen of a 24-hour exposure to low 
oxygen tension is similar to the effect of treatment 
with this hormone. In adrenalectomized animals 
the primary effect of anoxia continues throughout 
the exposure and the animals frequently succumb 
with hypoglycemic convulsions. In normal ani- 
mals increased utilization of carbohydrate may 
continue throughout the period of exposure, but 
when glycogen is exhausted protein sources come 
to the rescue and in the end there is an accumu- 
lation of glycogen stores. 

Although most of the studies here reported were 
made at oxygen tensions which correspond to 
18,000 feet, it is interesting to note that definite 
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changes in carbohydrate metabolism were noted 
at oxygen tensions that correspond to 11,000 feet. 
It was not feasible to expose human subjects to 
anoxia for 24 hours. However, the blood glucose 
of monkeys increased during a 24-hour exposure 
to anoxia. This elevation of blood glucose is simi- 
lar to that which occurs in patients suffering from 
the anoxemia of carbon monoxide poisoning ( 19) . 
Depletion of liver glycogen probably accounts for 
the increased susceptibility of animals to insulin 
during the early phase of exposure to low oxygen 
tension ( 20 ). 

The reactions of human subjects to low oxygen 
concentration were similar to the reactions which 
occur during exposure to low barometric pressure. 
Two subjects had a momentary lapse of conscious- 
ness toward the end of the 5-hour exposure, one 
after an unsuccessful arterial puncture. The syn- 
cope, characterized by a slowing of the pulse and 
a fall in blood pressure, was followed by a rise 
in blood glucose and serum nonprotein nitrogen. 
However, both of the individuals who experienced 
these attacks had also experienced similar reac- 
tions while on automobile or boat trips. Although 
both of the subjects who fainted were in the group 
of four that were not given intravenous glucose, 
'•it was not thought that this was of particular sig- 
nifiance because the administration of glucose was 
not associated with improvement in subjective sen- 
sations. Electrocardiographic changes during an- 
oxia were not restored to normal by the adminis- 
tration of glucose, although changes in the elec- 
trocardiogram during anoxia have been correlated 
with abnormalities of carbohydrate metabolism 
(21). The reduction in the hydrogen ion concen- 
tration of the arterial blood may have been due 
to the fact that human subjects were kept in bed 
under • basal conditions throughout the exposure 
periods. 

Changes in oxygen consumption were too small 
to be of significance. On the other hand, despite 
the absence of a fall in the oxygen consumption, 
a consistent fall in nitrogen excretion was ob- 
served. No increase in the serum nonprotein 
nitrogen occurred, suggesting that during the 
early phase of anoxia in human subjects there is 
a shift of metabolism from protein to carbohy- 
drate similar to that demonstrated in experimental 
animals. 

There are few data available relative to the 


effect of low oxygen tension upon the excretion 
of electrolytes with the exception of Sundstroem's 
observations ( 22 ) of subjects on mountain ex- 
peditions. A consistent increase in potassium 
excretion was found in all animals, normal or 
adrenalectomized, that were exposed to low oxy- 
gen tension for 24 hours. Part of the increased 
excretion of potassium during exposure to low 
oxygen tension may be associated with the rapid 
loss of glycogen from the liver which occurs 
initially in normal and adrenalectomized animals. 
It appears that the increased renal excretion of 
potassium which occurs during exposure to an- 
oxia represents for the most part a direct effect 
of anoxemia and not an effect mediated by the 
adrenal cortex inasmuch as it occurs in both nor- 
mal and adrenalectomized animals exposed to 
anoxia and since little or no increase in potassium 
excretion followed the administration of adrenal 
cortical “carbohydrate-regulating” factor. 

The fact that normal animals exposed to low 
oxygen tension for 24 hours excreted large quan- 
tities of sodium and chloride, whereas adrenal- 
ectomized animals similarly exposed did not ex- 
crete an increased quantity of sodium and chlo- 
ride, was thought at first to be due to differences 
in the respiratory response of these animals. 
Cope has demonstrated such a difference (23) and 
Hoffman et al. (24) have reported an unusual 
encephalo-electrical sensitivity to hyperventilation- 
in the majority of a group of twenty-five patients 
with Addison’s disease. However, the magnitude 
of the shift in serum bicarbonate and chloride ions 
during anoxia was of the same order of magni- 
tude in normal and adrenalectomized animals. 

From the observations of Ingle and Thorn (13) 
who compared the effect of desoxycorticosterone 
acetate and 11 -dehydro- 1 7-hydroxycorticosterone 

in partially depancreatized rats, it was suspected 
that an increase in sodium and chloride excretion 
might be produced by adrenal cortical “carbohy- 
drate-regulating” hormone. Recent studies (25) 
confirm the fact that treatment with certain ad- 
renal cortical steroid compounds which possess 
a hydroxyl group on C 17 induces sodium and chlo- 
ride excretion in contrast to the well-known 
“sodium-retaining” effect of such adrenal cortical 
steroid compounds as corticosterone and 11 -de- 
soxycorticosterone. In contrast to the retention 
of water that occurs during treatment with “so- 
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lium-rctaining” sterols, tlicrc was a considerable 
increase in the excretion of water during treat- 
ment with “carhohydratc-rcgulating” factor. The 
increase in sodium and chloride excretion that was 
obseiTcd was greater than the increase in water 
excretion, hut the concentration of sodium and 
chloride excreted hears a close relation to the con- 
centration of these substances in the body fluids. 
The excretion of chloride is small in proportion 
to that of sodium, possibly because chloride is 
retained to replace carbon dioxide lost through 
overvcntilation. 

It appears consistent that during anoxia ad- 
renalectomizcd animals which are unable to in- 
crease protein catabolism by increasing the secre- 
tion of adrenal cortical “carbohydrate-regulating” 
factor do not exhibit the increase in sodium and 
cliloride excretion that this hormone induces. 

There is no evidence that the effect of adrenal 
cortical "carbohydrate-regulating” factor in in- 
creasing the excretion of sodium and chloride 
during anoxia is beneficial, whereas its effect in 
increasing protein catabolism might be a favorable 
reaction since during exposure to low oxygen ten- 
sion there is an increased utilization of carbohy- 
drate. Furthermore, the work of McFarland and 
Forbes (26) suggests that an increase in carbo- 
hydrate may alleviate to some extent the dele- 
terious effects of anoxemia upon higher functions. 

SUMMARY 

!• Normal human subjects exposed to an aver- 
^e oxygen tension of 98 mm. Hg for 5 hours 
had an average arterial oxygen saturation of 83 
per cent. Despite the fact that there was no 
decrease in the oxygen consumption there was a 
definite and consistent decrease in the nitrogen 

excretion. 

2. Experimental animals exposed to low oxygen 
tensions for similar periods showed a. depletion 
of liver glycogen that was not associated with a 
f^ll in blood glucose level unless the anoxia was 
'^ery severe. 

3. Exposure of normal animals to low oxygen 
tension for 24 hours was associated with a rise in 
blood glucose and liver glycogen (except in dogs), 
2nd an increase in the renal excretion of nitrogen 
(in all animals). 

4. Adrenalectornized animals succumbed when 
exposed to oj^gen tensions that normal animals 


were able to withstand, and no increase in blood 
glucose, liver glycogen or nitrogen excretion oc- 
curred. 

5. Treatment with “carbohydrate-regulating” 
factor of the adrenal cortex enabled adrenalec- 
tomized animals to withstand exposure to an 
otherwise fatal oxygen tension, and resulted in 
an increase in blood glucose, liver glycogen and 
nitrogen excretion. 

6. Normal animals exposed to low oxygen ten- 
sions for 24 hours showed a slight increase in 
nitrogen and phosphorus excretion and a marked 
increase in sodium, chloride and potassium ex- 
cretion. 

7. Adrenalectornized animals exposed to low 
oxygen tensions for 24 hours exhibited a striking 
increase in potassium excretion but no increase in 
nitrogen, phosphorus, sodium or chloride excretion. 

8. Treatment of normal and adrenalectornized 
animals with “carbohydrate-regulating” factor of 
the adrenal cortex was followed by a striking in- 
crease in sodium, chloride and water excretion 
but no significant increase in potassium excretion. 


CONCLUSION 

During the initial phase of anoxia there appears 
to be an increased utilization of carbohydrate. 
A normal blood glucose level is maintained at the 
expense of liver glycogen stores. Successful 
adaptation to continued exposure to low oxygen 
tension depends in part upon an increase in pro- 
tein catabolism with a subsequent rise in carbo-' 
hydrate stores and increase in nitrogen excretion. 
These changes do not occur in the absence of the 
adrenal cortex. Acute anoxia is accompanied 
by a rise in the chloride ion concentration of 
the serum and by a fall in the hydrogen ion con- 
centration (rise in pH) of the blood. Prolonged 
anoxia (24 hours) leads to a marked increase in 
the renal excretion of sodium, chloride and potas- 
sium. The increase in potassium excretion ap- 
pears to be accounted for principally by factors 
other than the adrenal cortex, whereas the in- 
crease in sodium and chloride excretion appears 
to be mediated by the “carbohydrate-regulating” 
factor of the adrenal cortex. 


The authors wish to express their appreciation to 
Doctor E. Niohols for taking and reading electrocardio- 
grams, to Miss M. Caldwell and Mrs. F Hesser for 
assistance in the metabolic studies on human subjects, 


i 


46 


R. A. LEWIS, G, W, THORN, G. F. KOEPF, AND S, S. DORRANCE 


and to Doctors R. L. Grief, B. Katzin, H. Aranow and 
C. L. Gemmil who kindly volunteered as subjects for 
exposure to low oxygen tension. 

BIBLIOGRAPHY 

j 1. Evans, G., The effect of low atmospheric pressure on 
the glycogen content of the rat. Am. J. Physiol., 
1934, no, 273. 

J 2. Evans, G., The adrenal cortex and endogenous carbo- 
hydrate formation. Am. J. Physiol., 1936, 114, 297. 

3. Armstrong, H. G., and Heim, J. W., Effect of re- 

peated daily exposures to anoxemia. J. Aviation 
Med., 1938, 9, 92. 

4. Armstrong, H. G., Principles and Practice of Avia- 

tion Medicine. Williams and Wilkins Co., Balti- 
more, 1939, pp. 286-288. 

5. Lewis, R. A., and Koepf, G. F., An apparatus for 

producing constant gas mixtures. Science, 1941, 
93, 407. 

J 6. Folin, O., and Malmros, H., An improved form of 
Folin’s micro method for blood sugar determina- 
tions. J. Biol. Chem., 1929, 83, 115. 

7. Good, C. A., Kramer, H., and Somogyi, M., The 

determination of glycogen. J. Biol. Chem., 1933, 
100, 485. 

8. Thorn, G. W., Engel, L. L., and Eisenberg, H., The 

effect of corticosterone and related compounds on 
the renal excretion of electrolytes. J. Exper. Med., 
1938, 68, 161. 

9. Thorn, G. W., Engel, L. L., and Eisenberg, H., 

Treatment of adrenal insufficiency by means of 
subcutaneous implants of desoxycorticosterone ace- 
tate. Bull. Johns Hopkins Hosp., 1939, 64, 155. 

10. Thorn, G. W., Howard, R. P., and Emerson, K., Jr., 

Treatment of Addison’s disease with desoxycorti- 
costerone acetate. J. Clin. Invest., 1939, 18, 449. 

11. McFarland, R. A., and Dill, D. B., A comparative 

study of the effects of reduced oxygen pressure on 
man during acclimatization. J. Aviation Med., 
1938, 9, 18. 

/ 12. Long, C. N. H., Katzin, B., and Fry, E. G., The 
adrenal cortex and carbohydrate metabolism. En- 
docrinology, 1940, 26, 309. 


13. Ingle, D. J., and Thorn, G. W., A comparison of the 

effects of 11 -desoxycorticosterone acetate and 17- 
hydroxy-ll-dehydrocorticosterone in partially de- 
pancreatized rats. Am. J. Physiol., 1941, 132, 670. 

14. Dill, D. B., Edwards, H. T., and Robinson, S., Pul- 

monary gaseous exchanges at low barometric 
pressure and in air mixed with nitrogen. J. Avia- 
tion Med., 1939, 10, 3. 

15. Haldane, J. S., and Priestley, J. G., Respiration. Sec- 

ond Edition. Yale University Press, New Haven, 
1935, p. 301. 

16. Mirski, A., Rosenbaum, I,, Stein, L., and Wertheimer, 

E., On the behaviour of glycogen after diets rich 
in protein and in carbohydrate. J. Physiol., 1938, 
92, 48. 

17. Brunquist, E. H., Schneller, E. J., and Loevenhart, 

A. S., The effects of anoxemia on nitrogen metab- 
olism. J. Biol. Chem., 1924, 62, 93. 

18. Bert, P., La Pression Barometrique. G. Masson, 

Paris, 1878. 

19. Peters, J. P., and Van Slyke, D. D., Quantitative 

Clinical Chemistry, Volume I, Interpretations. 
Williams and Wilkins Co., Baltimore, 1931, p. 191. 

20. Glickman, N., and Gellhorn, E., The effect of oxygen 

deficiency on the sensitivity of rats to insulin. 
Am. J. Physiol., 1938, 121, 358. 

21. Larsen, K., Effect of anoxemia on the human elec- 

trocardiogram. Acta. med. Scandinav., supp. 1936, 
78, 141. 

22. Sundstroem, E. S., Studies on adaptation of man to 

high altitudes, V. Univ. California Publications 
Physiol., 1919, 5, 121. 

23. Cope, O., Personal communication. 

24. Hoffman, W. C., Lewis, R. A., and Thorn, G. W., 

The electroencephalogram in Addison’s disease. 
(To be published.) 

25. Thorn, G. W., Engel, L. L., and Lewis, R. A., The 

effect of 17-hydroxycorticosterone and related ad- 
renal cortical steroids on sodium and chloride ex- 
cretion. Science, 1941, 94, 348. 

26. McFarland, R. A., and Forbes, W. H., The effects 

of variations in the concentration of oxygen and 
of glucose on dark adaptation. J. General Physiol., 
1940, 24, 69. 


EFFECTS OF INTERRUPTING AND RESTORING THE CIRCULATION 
TO THE LOWER EXTREMITIES ^ 

By D. DAUBER, M. LANDOWNE,= L, N. KATZ, and H. WEINBERG 
{From the Cardiotvscular Department of Michael Reese Hospital, Chicago) 

(Received for publication August 12, 1941) 


It has been cstablislicd that the heart accelerates 
on release of touniiquets previously applied to the 
extremities (2 to 9, 13). The mechanism for this 
acceleration has not been adcquatcl}’ explained. 

Jarisch and Gaisbock (12) have postulated a 
refle.x origin of this acceleration, but offered no 
supporting evidence. They anticipated a blood 
pressure fall simultaneous with the rise in heart 
rate but obtained no endcnce of the former with 
the auscultatorj' method. Asmussen, Christensen 
and Nielsen (5, 13) noted that the cardiac accel- 
eration was greatest when the subject was in the 
upright posture and least in the head-down posi- 
tion. The release of tlic tourniquet, they found, 
produced a drop in both systolic and diastolic 
pressure, the magnitude of the pressure drop like- 
Viise ^’a^^’ing with posture. They considered the 
acceleration a reflex compensator)' to the blood 
pressure fall, and they attributed the latter to 
stimulation of “pressor-sensitive zones” assumed 
to exist in the large limb arteries. Alam and 
Smirk (1, 2) attributed the cardiac acceleration 
to the release into the blood stream of metabolites 
arising from the previously occluded extremities. 

In order to study this phenomenon further, a 
series of experiments was carried out in which 
the relation of the cardiac acceleration to changes 
in accurately recorded arterial and venous pressure 
was determined. The influence of altering several 
■variables on the magnitude of cardiac acceleration 
Was also determined. In the course of this study, 
opportunity was afforded for measuring some of 
these circulatory changes occurring on application 
of and during arterial and venous occlusion as well 
3s following their release. These are described in 
the report and their bearing on the major purpose 
of the presentation is indicated. 

METHOD 

Thirty-one subjects were studied. Twenty-seven were 
selected as normal young adults (physicians, technicians 

^ Aided by the A. D. Nast Fund and the Isaac and Kate 
^I«yer Fimd. 

* Emanuel Libman Fellow. 


and convalescent surgical patients) from 16 to 35 years 
of age ; twenty-five of them were males and two females. 
The other four subjects had moderately advanced throm- 
boangiitis obliterans and ranged in age from 32 to 52 
years. 

All observations were made on recumbent subjects 
after a rest period of 15 to 30 minutes in a warm, quiet 
and darkened room. While the conditions were not basal, 
they were sufficiently stable to eliminate most of the 
extraneous factors which might influence heart rate, as 
is demonstrated by the small magnitude of the spon- 
taneous pulse rate changes in the control period (Table 
I). At the beginning of the rest period, electrodes lead- 

TABLE I 


Changes in heart rate on release of bilateral arterial occlusion 


Subject 

Maxi' 

mum 

rest- 

ing 

varia- 

tion 

Maxi- 

mum 

rise 

Time of 
onset of 
acceleration 

Time of 
peak of 
aixeleration 

Time of 
return to 
resting level 

on re- 
lease 

Beat 

Sec- 

ond 

Beat 

Sec- 

ond 

Beat 

Second 

MF 

beets 

per 

minute 

10 

beats 

per 

minute 

18 

1 

0.8 

10 

7 

ca. 115 

75 

MF 

11 

15 

1 

0.8 

8 

6 

>29 

>20 

MF 

8 

35 

1 

1.0 

7 

5 

18 

13.5 

MF 

7 

29 

2 

0.9 

7 

5 

16 

12 

EK 

15 

25 

2 

0.8 

11 

7.5 

20 

13.5 

EK 

13 

15 

2 

0.9 

6 

5,9 

20 

20 

EK 

14 

13 

5 

3.1 

11 

6.8 

21 

15 

Ca 

4 

13 

3 

1.5 

10 

5 

67 

35 

Ca 

4 

17 

5 

2.8 

26 

15 

48 

27 

G 

7 

25 

3 

2.1 

12 

7 

31 

17.5 

Ka. 

10 

14 

2 

1.0 

7 

5 

13 

8 

Br 

10 

>20 

2 

1 

7 

5 

31 

22 

Cr 

10 

20 

1 

1.1 

14 

12 

19 

15 

Average 

9.5 

20 

2.3 

1.4 

10.5 

6.3 

28 

23 


ing to an electrocardiograph were strapped on the wrists, 
and wide leather-backed pneumatic cuffs were placed 
about both upper thighs. .Abrupt inflation of these cuffs 
was achieved by suddenly connecting them to a pressure 
tank previously set at the desired pressure level. This 
avoided congestion of the legs. Such occlusion was usu- 
ally unaccompanied by pain even when pressures of 300 
mm. Hg were used. Deflation of the cuffs was likewise 
brisk. In all new subjects, trials were carried out to 
familiarize them with the sensations involved in the 
procedure. 

Pressure over 200 mm. Hg was used to ensure almost 
complete arterial obstruction (19). The only sensation 
47 
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noted during the period of occlusion was a feeling of 
warmth in the limbs, which increased to an unpleasant 
sense of heat when the constriction was prolonged. Dur- 
ing the occlusions, which were rarely over 15 minutes in 
duration, several of the subjects actually dozed. On 
restoration of blood flow, a transient sensation of cool- 
ness was experienced, succeeded by a wave of warmth 
flowing down the limbs and then by tingling and numb- 
ness. These subjective phenomena were accompanied by 
visible hyperemia. 

In the preliminary experiments, the pulse rate was 
measured by palpating the radial artery for 30-second 
periods timed by a stopwatch. In the main group of ex- 
periments, the electrocardiograph, with the camera speed 
reduced to 6 mm. per second, was used to record heart 
rate. Further, in a group of 13 tests, the ordinary camera 
speed of 25 mm. per second was used in order to follow 
instantaneous heart rate from beat to beat (60/individual 
cycle length in seconds). For the most part heart rate 
was recorded for the first IS seconds of each minute 
during the rest periods and during maintained occlusion, 
and the rate per minute calculated by multiplying by 4 
the number of beats and fractions thereof in this 15-sec- 
ond interval. Recording was begun 30 seconds before 
and continued until 45 seconds after the act of application 
or release of occlusion. The rate per minute was arrived 
at as above, except in those experiments in which the 
cycle length from beat to beat was measured. At least 5 
minutes were allowed between successive occlusions to 
permit the heart rate to return to its resting level. 

In 6 preliminary observations, blood pressure v;as 
measured by the auscultatory method. In the remainder 
(7 experiments) the brachial pressure was recorded op- 
tically by intraarterial puncture with the Hamilton needle 
manometer (10), Femoral venous pressure was also re- 
corded by an optical manometer (15), 

RESULTS 

1. The cardiac acceleration on release of arterial 
occlusion of the limbs. The data from 13 experi- 


ments on seven normal subjects in which the heart 
rate was measured cycle by cycle is assembled in 
Table I and typical responses are shown in Fig- 
ures 1 and 5, A transitory increase in heart rate 
occurred uniformly on release of occlusion. It 
was longer in duration and greater than the varia- 
tion in rate in the control periods which results 
from sinus arrhythmia. 

In 52 bilateral arterial occlusions in four normal 
subjects, average rates measured over 15-second 
intervals were calculated. It was found that the 
average cardiac acceleration on release was 15 
beats per minute for an average duration of 1.5 
minutes. In 26 other observations in which heart 
rate was measured by radial artery palpation, the 
cardiac acceleration on release averaged 11 beats 
per minute. 

2. The blood pressure changes on release of ar- 
terial occlusion of the limbs. The data of 7 ex- 
periments on four normal subjects in whom intra- 
arterial pressure was recorded on release of occlu- 
sion are shown in Table II, and Figure 1 illustrates 
the time course in a typical experiment. A pre- 
cipitous blood pressure fall at the instant of cuff 
deflation occurred in every instance, with one ex- 
ception in which the drop was delayed 1 second. 
Systolic and diastolic pressure changes were paral- 
lel in all instances. The magnitude of these drops 
was significantly greater than the maximum rest- 
ing variation in blood pressure in any given case. 
The fall in pressure increased with the duration of 
occlusion (cf. Table II). 

In 5 of the 7 experiments listed in Table H, 
measurements were made of the instantaneous 


TABLE n 


Effect on brachial intraarterial pressure and heart rate of release of bilateral arterial occlusion 


Subject 

Duration of 
occlusion 

Maximum 
blood 
pressure 
variation 
at rest* 

Maximum 
systolic 
pressure 
decrease on 
release 

Maximum 
diastolic 
pressure 
decrease on 
release 

Maximum 
decrease in 
dicrotic 
notch 
level on 
release 

Duration of 
blood 
pressure 
drop 

Time of onset 
of blood pressure 
drop 

Time of 
onset of 
pulse 

acceleration 


minules 

mm, Hg 

mm. Hg \ 

mm. Hg 

mm. Hg 

seconds 

seconds 

seconds 

EK 

1 

6 

10 

11 

20 

12 

Instantaneous 

0.9 

EK 

2 

7 

11 

10 

20 

11 

Instantaneous 

3.1 

EK i 

6 

8 

14 

10 

25 

30 

Instantaneous 

0.8 

G 

7 

4 

16 

13 

30 

15 

1 

2.1 

Ka. 

IS 

5 

17 

14 

29 

>20 

Instantaneous 

1 

Kr. 

16 

15 

27 

14 

? 

>10 

Instantaneous 

? 

Kr. 

21 

20 

38 

27 

25 

>25 

Instantaneous 

? 

Average 


9 

19 

14 

25 

18 


1.0 


* Systolic or diastolic. 
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Fio. I. A Typicai. Kesi-onse in Bi.ood Pressure and Heart Rate on Application and on Release 
OF Bilateral Arterial Occlusion of the Lower Extremities in a Normal Subject 
Blood pressure was recorded with the Hamilton needle manometer in the brachial artery, and heart 
rate recorded with the electrocardiograph at camera speed of 2.5 cm. per second. 


heart rate changes and in ever)' instance the cardiac 
acceleration did not occur until 0.8 to 3.1 seconds 
after the blood pressure fell. 

Simultaneously with the pressure drop, the pulse 
contour changed, reflecting the lowering of periph- 
eral resistance (Figure 2), The change consisted 
>n a lowering of the level of the dicrotic notch, 
increased celerity to the early part of the cata- 
crotus and a smoothing out of the summit of the 
cuu'e. The drop in level of the dicrotic notch was 
greater than that of the systolic and diastolic pres- 
sures (cf. Figure 2 and Table II). 

• The relation of the acceleration on release to 
duration of the previous occlusion of the limbs. 
e degree of acceleration of the heart rate varied 


directly with the duration of prior occlusion. 
This relationship is summarized in Figure 3 which 
presents the total rise in heart rate. The rough 
proportionality between the cardiac acceleration on 
release and the duration of prior occlusion ap- 
plied for periods of occlusion of from 3 to 15 
minutes is made more evident by considering the 
integrated increase in rate than from obsen'ation 
of either maximum increase or duration of in- 
crease alone. Short occlusions of to 2 min- 
utes were followed by pulse accelerations, but the 
magnitude was within the range of resting varia- 
tion. They were, however, consistent in occur- 
rence and persisted longer than the resting varia- 
tions, suggesting that they were significant. Oc- 
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Fig. 2. A Typical Record of Blood Pressure in the Brachial Artery on Application and on Release of 
Bilateral Arterial Occlusion in the Normal Subject, Recorded With Hamilton Needle Manometer 
TJie arrows point to the interruption in the beam wliich signaled the instant of application and release. 


elusions of over 15 minutes produced pain and 
thereby an acceleration in heart rate during the 
later minutes of occlusion, masking the accelera- 
tion following release of occlusion. 

4. The changes in venous pressure in the femoral 
vein following release of the arterial occlusion, 
and their time relation to the cardiac acceleration. 
In two trained subjects 4 observations were made 
by optically recording the femoral venous pressure 
during and after release of arterial occlusion. A 
typical result is shown in Figure 4 and the data 
are summarized in Table III. During arterial oc- 
clusion the femoral venous pressure fell. After 
a lag of 3 to 9 seconds following release, there 
was a slight rise, reaching a maximum value, ap- 
proximately at the resting level, within 13 to 40 
seconds. 

table hi 


Femoral venous pressure upon retease of arterial occlusion 


Subject 

Initial 

resting 

femoral 

venous 

pressure 

I 

Pressure 
at end of 
occlusion 
period 

1 

1 

Maximum 

pressure 

after 

release 

Time 
when rise 
begins j 

Time of 
maximum 
pressure 


cm. HzO 1 

cm. U 2 O 

cm. HiO 

seconds 

seconds 

CR 

5.5 

3.8 

5.3 

9 


CR 

5.3 

2.5 

3.3 

8 

>28 

CA 

11.5 

10.0 

11.8 

1 3 

13 

CA 

11.5 

11.0 

12.2 

5 

14 


table IV 


Effect of release of arterial occlusion {maintained for J to 
15 minutes) in thromboangiitis obliterans 


Sub- 

ject 

Severity of 
disease 

Maximum 
heart rate 
variation 
at rest 

Change in 
iieart rate on 
release of 
occlusion of 
both legs 

Cliange in 
lieart rate on 
release of 
occlusion of 
worse leg only 



beats per minute 

beats per minute 

beats per minute 

SC 

+ 

8 

+ 5 

- 4, -f-St 

—3, 4-7 

HS 

+ + 

4 

4-10 

4- 6 

4-6 

ML 

i 

+ 4- + 

6 

4- 3 

4-4 

-1-4* 

-P4* 

_7* 

-3* 

MA 1 

+ -f- + + 

7 

1 

4- 7 

- 4 

9* 

-10* 

- 2, 4-4t 

- 2, 4-4t 

- 3, 4-6t 

‘ -j-5* 

0* 

-6* 


* Pulse rate measured by counting radial pulse for 
10-second periods timed by stopwatch. All other ^leas- 
urements made on electrocardiograph by usual metnocl 
except in cases where instantaneous pulse rate was 
measured. 

t Instantaneous pulse rate measured. 

5. The effect of release of bilateral arterial oc- 
clusion on the heart rate in patients zoith throniho- 
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Fic. 3. The Effect of Duration of Prior Occlusion on the 
Total Rise in Heart Rate (Integral of Rise) Following Release 
OF Bilateral Arterial Occlusion of the Lower Extremities in 
THE Normal Subject 

Heart rate was recorded with the electrocardiograph at camera speed 
ol 6 mm. per second. Solid circles designate one subject and crosses 
a second subject. 


oiigiitis obliterans. The effect of release of ar- 
terial occlusion was tested in four patients with 
moderately advanced thromboangiitis obliterans 
and the results are summarized in Table IV. In- 
s'gnificant acceleration occurred when occlusion 
the limbs was released, and any slight rise in 
eart rate tended to occur later than in the normal. 
_ e acceleration was greater than the resting vari- 
ation in only one patient, H. S,, who had the least 
■vascular disease. A typical response in a normal 
ject is compared in Figure 5 with that in a 
patient with thromboangiitis obliterans. No no- 
ticeable change in pulse contour followed release of 


occlusion in the one subject with thromboangiitis 
obliterans in whom the brachial intraarterial pres- 
sure was recorded (Figure 6). Furthermore, al- 
though a pressure drop occurred, it was less 
abrupt than in normals. The data are shown in 
Table V and the results of a typical experiment 
in Figure 7. 

6. Circulatory changes upon application of ar- 
terial and venous occlusion. The changes in heart 
rate on application of arterial occlusion were not 
as consistent as those following release of occlu- 
sion. In 4() instances, application of bilateral ar- 
tena occlusion resulted in no significant change in 
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Fig. 4. A Typical Response of Femoral Vein Pressure on Application Of, During, and Following Re- 
lease OF Bilateral Arterial Occlusion of the Lower Extremities in a Normal Subject 
Chart constructed from optically recorded venous pressure, with a needle in the femoral vein. Heart rate was 
recorded with the electrocardiograph at camera speed of 2.5 cm. per second. Note the respiratory undulations 
in venous pressure. 
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Fig. S. a Comparison of the Heart Rate Changes in a Normal Subject (Above) and a Patient With 
Thromboangiitis Obliterans (Below) Following Release of Bilateral Arterial Occlusion of the Lower 
Extremities 

Heart rate was recorded with the electrocardiograph at camera speed of 6 mm. per second. 
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Fig. 6. A RkcoW) of the Ch.\.n'ge.s i.v Bi.oou Pressure o.v Release of Bilateral Arterial Occlusiox of the 
I- owER Fxtre.mities i.\ A Patie.vt With Tjiromboaxciitis Obliteraxs 
The blood prc.ssiire was optically recorded with the Hamilton needle manometer in the brachial arterj'. Thin 
time lines on dcctrocardioRram equal 0,04 second and heavy lines equal 0.2 second. The arrow indicates the 
instant of release of occlusion, recorded as a dip by the signal magnet. 



heart rate; while in 32 instances tlie iieart rate 
slowed (Figure 4) ; and in 7 tliere was a pulse 
acceleration (c/. normal in Figure 5). In a num- 
ber of instances, the acceleration was followed 
hy a distinct slowing to below resting levels. 
Training failed to produce consistency in these 
changes. 

When the limbs were previously made hyper- 
emic by heat, occlusion caused a more consistent 
and a greater pulse slowing. Similarly, consistent 
slowing occurred when occlusion tvas applied dur- 
ing a period of reactive hyperemia. Slowing was 
greatest in this last circumstance. 

More regular slowing followed application of 
venous occlusion, with slowing in 7 out of 10 
trials. 

In contrast to the heart rate, the arterial and 
^enous pressures showed consistent changes on cuff 
inflation. In 5 observations on three normal sub- 
Ji^cts, a sharp and immediate rise in blood pressure 
accompanied inflation of the cuffs (Figure 1). 


The pulse contour changed in a manner consistent 
with increased peripheral resistance, i.e., the di- 
crotic notch occurred higher on the curve (Figure 
2). A summary' of the data on arterial blood 
pressure is shown in Table VI. 


TABLE vi 

Blood presiure rise vnlh application of occluding cuffs 


j 

Sub- : 
jeet 

^^axi• 

mum 

resting 

varia- 

tion* 

1 

Maxi- 
mum 1 
rise in i 
systolic 1 
pressure 

Maxi- 
mum 
rise in , 
diastolic i 
pressure | 

^faxi- 
mum 
rise in 
level of 
dicrotic 
notch ' 

Duration of rise 


7T}m. Hg 

mw. J^g 

mm, Hg 

mm. Hg 

Beats Seconds 

EK 

4 

10 

21 

24 

3 2.7 

EK 

7 

5 

14 

1 8 

3 2.7 

EK 

8 

5 

6 

12 

3 3 

KA.M 

5 

15 

16 

20 

>6 ? 

G 

7 

9 

6 

5 

5 3.7 


* Systolic and diastolic. 


The venous pressure in the femoral vein proxi- 
mal to the cuff fell during the period of occlusion 
(Table III). A typical curve is shown in Figure 
4. At the instant of cuff inflation a momentar}^ 
rise in femoral vein pressure occurred, %vhich was 
apparently caused by the impact of the occluding 
cuff. 

That some redistribution of blood had occurred 
is shown by the fact that in one normal subject, 
in each of 3 tests, the venous pressure in the 
antecubital vein rose during the period of lower 
limb occlusion only to drop again when the occlu- 
sion was released. 

In the four patients with thromboangiitis ob- 
literans only 2 out of 10 tests resulted in slowing 
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Fig. 7. The Effect on Blood Pressure and Heart Rate of Release of 
Bilateral Arterial Occlusion of the Lower Extrejiities in a Patient With 
T HROMBOANG ims ObLITERANS 

The blood pressure was recorded with the Hamilton needle manometer in the 
brachial artery and the heart rate with the electrocardiograph at camera speed of 
2,5 cm. per second. Note that the fall in pressure on release is more gradual than 
in the normal subject (c/. Figure 2) and that no significant rise in heart rate occurs. 


of the pulse on application of arterial occlusion. 
Figure 5 shows a negative experiment. 

DISCUSSION AND INTERPRETATION OF RESULTS 

Cardiac acceleration uniformly followed release 
of arterial occluding cuffs in normal subjects. 
This was preceded by a fall in brachial blood pres- 
sure (Figure 1). The fall in blood pressure and 
the change in pulse contour (Figure 2) demon- 


strate the presence of a low-resistance path or 
shunt opened up on release of the constricting 
cuffs. When tissues are acutely deprived of 
blood, vascular dilatation occurs (19). There is 
therefore no need to suppose ‘'pressor-sensitive 
zones” in the limb vessels initiating a depressor re- 
flex, as postulated by Asmussen et aL (3 to 9). 
The pressure drop is apparently the result of the 
passage of blood into and through the dilated ves- 
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sds, the ciicct of tliis created patfi of low resist- 
ance being similar to that obscr\-ed on releasing 
an A-\’^ aneur}'sm (11,18, 20) . Lewis and Grant 
(19) have shown that tlic longer the period of 
rascular occlusion, the more marked and persistent 
is the reactive luTicrcmia on release. Table II 
shows the greater fall in pressure noted upon re- 
lease of the more prolonged occlusions, which is 
consistent with this relationship. Tiic fact that 
the cardiac acceleration (Figure 3), like the blood 
pressure drop, varies with the duration of prior 
occlusion, reinforces the hj’pothcsis that the local 
iTiscular dilatation of reactive h}'percmia is the 
initiating meclianism for both. 

The time interval between the fall in blood pres- 
sure and the onset of cardiac acceleration (Table 
II) would permit a reflex acceleration to be initi- 
ated. This might arise in the end organs of the 
buffer nerves of the large vessels (vie., root of 
aorta and carotid sinus) or from end organs in 
vessels or tissues of the limbs themselves. The 
time inten’al is, however, too short to permit the 
possibilit)’ that metabolites carried in the blood 
from the limbs might stimulate end organs in 
the arterial tree, the pacemaker of the heart, or 
central nen'ous system cardioregulatorj' centers. 
These mechanisms can thus be excluded. In like 
manner, a Bainbridge or allied reflex appears to 
be excluded. 

Since the venous pressure rise occurred after 
the pulse acceleration had begun (Figure 4), it 
cannot be the initiating mechanism for the pulse 
acceleration. On similar ground, neither can an 
increased venous return to the heart be responsible. 
In line with this conclusion is the fact that venous 
pressure changes of similar magnitude occur dur- 
'Rff respiration without any significant change in 
heart rate. The possibility cannot, however, be 
excluded that the venous pressure rise and in- 
creased venous return contribute to maintaining 
fbe pulse acceleration. There is also the possi- 
bility that a volume increase might appear in the 
veins earlier than a detectable rise in pressure and 
cause the pulse acceleration, but this seems unlikely. 

Results in two subjects with incomplete release 
of occlusion further support the view that the sud- 
opening of a by-path into which blood can 
ow will drop the systemic arterial pressure and 
so bring about the accelerator reflex. It was found 
f at deflation to above diastolic pressure levels 


failed to evoke cardiac acceleration, but deflation 
to below diastolic pressure levels resulted in an 
acceleration. In both cases pressure changes were 
transmitted to the distal limb, but in the former 
case no appreciable blood inflow occurred, and no 
acceleration was obser\'ed. This is evidence against 
the activity of local “pressor-sensitive zones.” 
In the latter instance, when deflation to lower- 
than-didstolic pressure resulted in cardiac accel- 
eration, congestion of the limb was produced. 
This is evidence indicating that an augmentation 
of venous return to the heart is not essential for 
the pulse acceleration. 

It has been shown by Lewis and Grant (19) 
that venous occlusion, like arterial, null cause re- 
active hyperemia, but of lesser degree. In keep- 
ing with this, cardiac acceleration w'as observed 
to follow release of venous occlusion in 13 experi- 
ments on four subjects, but this was less in degree 
than that following arterial occlusion. However, 
the magnitude rvas masked by the discomfort of 
limb congestion, which in itself resulted in an 
acceleration during occlusion, except in those sub- 
jects who rvere exceptionally well trained. 

The fact that no significant acceleration was ob- 
served in subjects who had thromboangiitis ob- 
literans indicates again that the primary factor in 
the production of cardiac acceleration is the pres- 
ence of a blood pathway of low resistance. In 
these subjects, whether or not dilatation is present 
or is produced by a period of arterial occlusion, 
the compromised arterial lumen is a fixed factor 
limiting the blood inflow (17), maintaining a high 
total resistance, and preventing the augmentation 
of inflow normally observed to follow dilating 
procedures (14, 16). 

When the occluding cuffs were inflated, the re- 
sults were not exactly the reverse of those ob- 
served upon release of occlusion. On application 
of occlusion, the situation differs from that en- 
countered in compressing an A— V aneurysm. 
Since occlusions were usually applied during rest- 
ing states, the effect was not that of blocking an 
augmented circulation through a dilated system or 
shunt. Further, some tendency to cardiac accel- 
eration may be ascribed to the sensation of cuff in- 
flation. When dilation or a by-path was present 
at the time of application of occlusion, induced 
either by heat or by re-oeduding during a period 
of reactive hyperemia, the cardiac slowing was 
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apparent. The change in arterial pressure re- 
flected in direction and in contour (Figure 2) an 
increase in peripheral resistance. Consistent, too, 
is the observation that the subjects with thrombo- 
angiitis obliterans had a reduced or absent re- 
sponse to this manoeuver. 

CONCLUSIONS 

1. The phenomena associated with the applica- 
tion and release of constricting tourniquets were 
observed. 

2. Cardiac acceleration followed release of oc- 
cluding cuffs about the lower extremities in nor- 
mal subjects. This was absent or reduced in pa- 
tients with thromboangiitis obliterans. 

3. A fall in the blood pressure in the brachial 
artery preceded the cardiac acceleration. 

4. The fall in blood pressure was caused by the 
opening of a temporary low resistance pathway for 
blood through the dilated vessels resulting from 
the previous occlusion of the limbs. 

5. Evidence is cited to prove that the primary 
mechanism inducing the cardiac acceleration is a 
reflex response to the drop in pressure in the 
central arteries (Marey’s Law). 

6. The evidence presented also indicates that 
the cardiac acceleration is not caused by a metabo- 
lite accumulating in the constricted extremities; 
that it is not satisfied by the assumption that the 
reflex arises from the occluded vessel or from the 
tissue of the extremity. 
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Alterations in kidney ph\'siolog\' have long been 
sought to explain certain phenomena of nonnal 
pregnancy. Most suggestive of a renal disturb- 
ance was the well kmown tcndenc}" of pregnant 
women to retain salt and water, clinical evidence 
of which is found in the edema of late pregnancy 
and in the diuresis of the first few days post- 
partum. There was also the apparent readiness 
Mth which pregnant women developed spedfic 
toxemia Mth its proteinuria. It had indeed been 
suggested that certain types of toxemia were 
caused by the alleged strain of pregnancy imposed 
on the “low reserve” kidney (1). 

Additional interest has been given this subject 
by recent obsen’ations that the steroid hormones 
of the testis and the ovarj’ cause an increased re- 
tention of salt and water (2, 3, 4, 5) and when 
injected into rats and mice lead to a considerable 
increase in the size of the kidney (6, 7, 8). Two 
of these substances, estrogen and progesterone, 
produced by the placenta and are present in 
great concentration in the body fluids of all preg- 
nant women. CJood reasons therefore exist for 
considering the possibility of change in kidney 
physiology, although no consistent abnormality in 
ccnal function has yet been demonstrated in nor- 
mal pr^nancy (9, 10, 11). 

The present report concerns the measurements 
of glomerular filtration, effective renal blood flow 
and the total functioning tubular tissue in normal 
pcegnant women. Tests were carried out during 
pregnancy and were repeated after deliveiy, so 
fbat the effects of delivery on the kidney function 
of a single individual can be studied. 

The rate of filtration at the glomerulus is deter- 
mined by the inulin clearance, the rate of effective 
renal blood flow by the diodrast clearance, and the 

,, 3?!'^ study was made with the aid of a grant from 

me Commonwealth Fund. 


ma.ximum tubular excretoiy function or tubular 
excretory mass by diodrast T„,. The physiological 
basis for these measurements has been reviewed 
by Smith and his associates (12, 13, 14, IS). 
Smith has also recently discussed the functional 
significance and limitations of renal clearances 
(16). 

MATERIAL 

For the tests patients were selected from the prenatal 
clinic or the ward. Fifteen women were studied in the 
last lunar month, three in the ninth month, and three in 
early pregnancy. Nine of these twenty-one were again 
tested after delivery. None had hypertension, protein- 
uria, edema, or a historj’ of kidney disease, hjiiertension 
or specific toxemia of pregnancy. 

METHOD 

The patient was given a liter of water to drink the 
evening before the test. The next morning between 7 ;30 
and 8:30 she was given another liter. No breakfast was 
allowed. 

Inulin, phenol red and diodrast were given by con- 
tinuous intravenous infusion at a controlled rate. When 
this work was begun in May, 1938, physiological saline 
was used in the infusion fluid. At the same time, tests 
were started on patients with spedfic toxemia of preg- 
nancy in whom it was soon found that an adequate urine 
flow could not be obtained by this method. A two per 
cent solution of sodium sulphate (anhydrous) in saline 
was tried next, and later an eight per cent solution of 
sorbitol or mannitol in distilled water tvas used.- From 
July, 1939 to the present time eight per cent mannitol in 
distilled water has been employed routinely. With this 
infusion fluid, the urine flows have ranged from two to 
ten cc. per minute, usually being about five cc. per min- 
ute. The e rror in clearance values resulting from pos- 

- We are indebted to the Winthrop Chemical Company 
for the diodrast and to the Abbott Laboratories for the 
mannitol used in this investigation. The inulin used was 
prepared by the U. S. Standard Products Company, the 
phraol red by Messrs. Hjmson, Westcott and Dunning, 
and the Sterisol saline and distilled water by Schering 
and Glatz, Inc. 
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sible incomplete emptying of the bladder was minimized 
by maintaining a high urine flow. Any test in which this 
was below two cc. per minute was discarded. 

Urine specimens were collected by a six-holed rubber 
catheter left in the bladder throughout the test. At the 
end of each urine collection period the bladder was washed 
out with physiological saline followed immediately by 
insufflation with air. Care in this step is particularly 
necessary in studying patients in late pregnancy, because 
the fetal head makes impossible the suprapubic pressure 
usually employed to insure complete emptying. 

Two or three venous blood samples were taken during 
the clearance periods, and three during the diodrast Tm 
periods. Plasma levels of diodrast, phenol red and inulin 
were interpolated to the midpoint of each urine collection 
period. 

Blood pressures, pulse rates, and mouth temperatures 
were taken at frequent intervals throughout the test. 
Hematocrits were determined on the sample of blood 
taken just before the infusion was begun. The first urine 
sample was examined routinely for protein and formed 
elements. 

Iodine was analyzed by the Kendall method (17). 
Inulin was analyzed by the method of Folin (18, 19) in 
the earlier experiments and by that of Alving, Rubin and 
Miller (20) in the more recent ones. Certain modifica- 
tions of these methods were introduced according to pub- 
lished directions by Smith et al. and Goldring ct al (14, 
21 ). 

RESULTS 

Inulin and phenol red clearances were done on 
twenty normal pregnant women, with diodrast 
clearance in eleven and diodrast Tm in eight. 
After delivery inulin and phenol red clearances 
were done on ten women, with diodrast clearance 
and diodrast Tm in six. 

The values for the three clearances, the diodrast 
Tm and the significant ratios are given in Table I. 
Each clearance figure is the average of three or 
more urine collection periods, each diodrast Tm 
the average of five. The inulin clearances aver- 
age 124 cc. per minute antepartum and 116 cc. 
per minute postpartum ; the phenol red clearances 
average 371 cc. per minute antepartum and 362 cc. 
per minute postpartum; diodrast clearances aver- 
age 631 cc. per minute antepartum and 525 cc. 
per minute postpartum. The effective renal blood 
flow appears in the table only in the cases in which 
diodrast clearances were done. Before delivery 
the average value is 970 cc. per minute and after 
delivery it is 858 cc. per minute. 

The filtration fraction, or inulin/diodrast clear- 
ance ratio, which measures the proportion of the 
effective plasma flow filtered at the glomerulus. 


is nearly identical antepartum and postpartum. 
The inulin/phenol red clearance ratio is used to 
indicate changes in filtration fraction in those in- 
stances where diodrast clearances were not done, 
on the assumption that any change in inulin/phenol 
red clearance ratio reflects a similar change in 
filtration fraction of the same functional signifi- 
cance, if not of identical degree. The figures for 
this ratio antepartum and postpartum are likewise 
nearly identical. The phenol red/diodrast clear- 
ance ratio, although varying widely in different 
individuals, shows no consistent change between 
antepartum and postpartum observations in the 
same individuals. 

The diodrast T„, averages 45.6 mgm. of iodine 
per minute antepartum and 46.6 mgm. of iodine 
per minute in postpartum observations. In the 
last three columns the effective renal blood flow, 
diodrast clearance, and inulin clearance have been 
related to the diodrast Tm- This is a convenient 
way in which to compare figures in different indi- 
viduals because kidney function as measured by 
the respective clearances is related to standard 
amounts of renal tissue and variations due to kid- 
ney size are thereby eliminated. 

Review of the data in Table I shows that no 
significant changes occur in inulin clearance, phenol 
red clearance, diodrast clearance or diodrast Tm 
in pregnancy when renal function is compared to 
the postpartum observations as a standard of 
reference. 

Comparison of the average figures from the 
smaller groups made up only from those indi- 
viduals on whom both antepartum and postpartum 
observations were made (Table II) again shows 
no significant differences, Diodrast clearance and 
diodrast Tm were determined in only three sub- 
jects both antepartum and postpartum. While 
this is a small group to average, the figures again 
indicate no change in renal function. 

Comparison of our results in pregnancy and the 
puerperium with those in normal non-pregnant 
women, as observed by Goldring, Chasis, Ranges 
and Smith (21), and normal non-pregnant and 
pregnant women, as observed by Chesley and 
Chesley (10, 11) appears in Table III. Our 
clearances, ratios and clearances per unit^ Tm m 
pregnancy are almost identical with those in non- 
pregnant women, as reported by Goldring et al. 



TAHLB I 

of kidney function tests in normal pregnancy and in the puerperium 
Antepartum 
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TABLE II 

Averages of antepartum and postpartum observations in same patients 


Number and type of case 

Plasma clearances 

Effec- 

tive 

renal 

blood 

flow 

Inulin/ 

Phenol 

red 

Inulin/ 

Diodrast 

Phenol 

red/ 

Diodrast 

Diodrast 

Tm 

Effec- 

tive 

renal 

blood 

flow/ 

T 

^mj) 

^ol^mp 

^INI 

T 

Inulin 

Phenol 

red 

Diodrast 

9 antepartum 


B 

■ 

cc. per 

l. 73 sg. 

m. per 
minute 

per cent 

33.8 

per cent 

per cent 

mgm. 

iodine 

per 

minute 




9 postpartum 

114 

360 

B 


31.7 



1 

1 




3 antepartum 

119 

378 

550 

852 

31.5 

21.6 

68.7 

43.9 

19.4 

12.5 

2.71 

3 postpartum 

105 

331 

486 

800 

31.7 

21.6 

68.1 

44.9 

17.8 

10.8 

2.34 


TABLE III 


Averages of normal pregnant women compared with normal 7ion-pregnant women and normal men 


Number and type of case 

Plasma clearances 

Effec- 

tive 

renal 

blood 

flow 

Inulin/ 

Phenol 

red 

Filtra- 

tion 

fraction 

Phenol 

red/ 

Diodrast 

Diodrast 

n% 

Effec- 

tive 

renal 

blood 

flow/ 

^mp 

Col'^mp 

CjnI 

^mp 

Inulin 

Phenol 

red 

Diodrast 

Inulin/ 

Diodrast 

9 normal non- 
pregnant women* 

cc. per 1.‘. 

119 

73 sg. m. pi 

er minute 

600 

cc. per 

l. 73 sg. 

m. per 
minute 

996 

1 

Per cent 

i 

per cent 

19.8 

per cent 

mgm. 

iodine 

per 

minute 

46.7 

21.3 

12.8 

2.54 

30 normal men* 





32.2 







15 normal non- 
pregnant women t 



545 

844 








15 normal pregnant 
women f 



591 

856 








20 normal pregnant 
women 

124 

371 



33.4 







8 normal pregnant 
women 

126 

384 

628 

970 

32.9 

20.1 

61.2 

45.6 

21.3 

13.7 

2.77 


* Goldring, Chasis, Ranges and Smith. t Chesley and Chesley. 


The diodrast clearances are also essentially the 
same as those reported by Chesley and Chesley.® 

Renal function as revealed by these tests is un- 
altered by normal pregnancy and undergoes no 

3 Chesley’s infusions contained only glucose and dio- 
drast; infusions used by Goldring, Chasis, Ranges and 
Smith contained inulin and diodrast in saline ; our infu- 
sions were made up of inulin, phenol red, diodrast and, in 
various instances, saline, sodium sulphate or sorbitol or 
mannitol. The close comparison of diodrast clearance 
figures found in these three groups seems to rule out 
Chesley’s suggestion (10) that infusions of inulin and 
phenol red may cause a renal hyperemia. 


change in the days immediately following delivery. 
One cannot therefore explain the slight salt and 
water retention of normal pregnancy on the basis 
of a decreased filtration rate. There is no evi- 
dence of any hormonal effect on kidney function 
which might accompany the morphological change 
known to follow the injection of similar substances 
into small laboratory animals. 

CONCLUSION 

The filtration rate (inulin clearance), effective 
renal blood flow (diodrast clearance), tubular ex- 
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cretor}' mass (diodrast Tm) and plienol red clear- 
ances are not altered in pregnancy or in the puer- 
perium of normal women. 
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The vascular and renal disorders of the last 
trimester of pregnanej' are classified by the Uni- 
versity Obstetrical Service in the following groups: 
speafic toxemia, pre-existing essential hyperten- 
sion, pre-existing glomerulonephritis and specific 
toxemia superimposed on pre-existing hj'perten- 
sion or nephritis ( 1 ) . 

Spedfic toxemia is clinically characterized by 
the rather abrupt appearance of lyjjertension, 
usually in the last trimester of a previously nor- 
mal pregnancy. This rise in blood pressure is 
tjpically accompanied by edema and proteinuria. 
Hematuria and azotemia are not seen, but the 
convTilsions of edampsia may occur. The post- 
partum course of the disease likewise helps to 
identify it. Edema subsides soon after delivery. 
Proteinuria usually disappears in the puerperium, 
although traces of protein in the urine may be 
present for weeks. Blood pressure falls to a 
normal level in the majority soon after delivery, 
but it is a striking feature of such an attack that 
in many instances it is followed by permanent 
hypertension. 

The present communication is an investigation 
of renal function in specific toxemia of pregnancy, 
based upon a study of inulin, phenol red and dio- 
drast clearances and diodrast Tm- The inulin 
clearance is considered to be a measure of the 
rate of glomerular filtration, diodrast dearance a 
measure of effective renal blood flow and diodrast 
Tm a measure of tubular excretory mass (2, 3), 
within the definitions and limitations accorded to 
these terms by Smith (4). 

Using these methods. Goldring el el. (5, 6, 7, 
fl) have demonstrated that renal ischemia of vary- 
ing degree, associated with an increase in filtration 
fraction which is indicative of efferent arteriolar 

^ This study was made with the aid of a grant from 
the Commonwealth Fund. 


h)"pertonus, is usuallj' present in essential hyper- 
tension in men and non-pregnant women. Chesley 
cl al. (9) have shown that the effective renal 
blood flow in toxemia of pregnancy, as determined 
b)' the diodrast clearance of twenty patients, is 
the same as that of normal pregnant and non- 
pregnant women. Corcoran and Page (10), using 
clearances of inulin and phenol red, found the 
filtration rate diminished, effective renal blood 
flow normal and tbe phenol red/inulin clearance 
ratio high during toxemia in seven subjects when 
compared to their postpartum values. In three of 
these subjects, in whom diodrast clearance was 
determined both antepartum and postpartum, they 
observed a fall in diodrast clearance and a rise 
in filtration fraction after delivery. They at- 
tribute the antepartum decrease in filtration frac- 
tion to swelling of the glomerular basement mem- 
brane. That the glomerular filtration rate and 
effective renal blood flow are unaffected in normal 
pregnancy was concluded in our previous report 
(II). This was based on inulin and phenol red 
clearances in twenty normal pregnant women, 
with diodrast clearance in eleven and diodrast Tm 
in eight. 

MATERIAL AND METHODS 

Thirteen patients, who had been seen early in pr^nancy 
and found at that time to have no evidence of vascular or 
renal disease, have been studied in fourteen pregnancies 
complicated by specific toxemia. None gave a history of 
previous hypertension or kidney disease except for one 
patient who, though her blood pressure was normal be- 
tween gestations, had developed a typical attack of spe- 
cific toxemia in a previous pregnanej'. In the last tri- 
mester, hypertension, proteinuria and edema appeared in 
all of these patients but, as may be seen in Tables I and 
II, proteinuria and edema had disappeared in some in- 
stances before the day of the antepartum tests. Two 
patients developed the tj-pical antepartum convulsions of 
eclampsia and there were three intrauterine fetal deaths. 
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ance per unit of diodrast T„u The horizontal 
line at 0.20 represents the mean normal value for 
the filtration fraction. The vertical line at 13.2 
is the mean normal value of diodrast clearance per 
unit of diodrast T„,. The central curved line is 
the course of the variables if the glomerular fil- 
tration rate maintains its mean normal value at 
varying rates of renal plasma flow. The parallel 
curved lines are -)- 2cr and — 2cr. 

The figures for filtration fraction before deliv- 
ery are below the lowest normal value in only five 
of eleven subjects. Yet it can be seen that all of 
the antepartum filtration fractions are on or be- 
low the normal line and that all of the arrows 
point upwards, showing the increase in filtration 
fraction after delivery. The antepartum reduction 
in filtration fraction is dependent upon an in- 
crease in diodrast clearance, a reduction in inulin 
clearance, or both. After delivery it rises with- 
out exception, in part because of an increased 
inulin clearance and in part because of a decreased 
diodrast clearance, the postpartum rise being 
greater in the group with persistent hypertension. 


Phenol red clearance. The clearance of phenol 
red (Tables I and II), like that of diodrast, 
suffers a reduction after delivery, but to a lesser 
extent. It can be seen also that the inulin/phenol 
red clearance ratio is somewhat reduced ante- 
partum and increased after delivery, a phenomenon 
not observed in normal pregnancy (11)- Al- 
though the variations from the normal in this 
ratio are small, they follow the changes in filtra- 
tion fraction in direction and time and may be 
considered to have the same functional signifi- 
cance. 

Although the phenol red/diodrast clearance 
ratio varies over a wide range in antepartum and 
postpartum observations, it rises consistently after 
delivery in all instances where the diodrast clear- 
ance falls. This increase in ratio accompanying 
a decrease in diodrast clearance is in agreement 
with the observation of Chasis et al. that the 
phenol red/diodrast clearance ratio varies in- 
versely as the renal blood flow (13). Calcula- 
tion of renal blood flow from phenol red clearance 
in subjects with toxemia of pregnancy, especially 
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T a comparison of antepartum with postpartum 
nal function, is evidently subject to greater 
ror than is such calculation in normal subjects. 

DISCUSSION 

When renal function in fourteen pregnancies 
•mplicated by specific toxemia is compared to 
3t of the control group, the clearances are found 
-low the normal range in only two, while the 
tration fraction is below normal in five. In 
ber words, if judged from antepartum obser- 
ihons alone, one-half of this series of toxemic 
itients would appear to have normal kidney 
inction. However, when these patients are con- 
dered as a group in comparison with the nor- 
as well as when antepartum figures are 
^mpared with postpartum figures, trends become 
^ident which are not found in the pregnancy or 
oerperium of normal women. Before delivery 
^ere is a slight reduction in filtration rate and 
ration fraction associated with a normal or 
'ghtly elevated effective renal blood flow. Fol- 


lowing delivery the filtration fraction rises in 
every instance, in part because of a rise in filtra- 
tion rate and in part because of a fall in effective 
renal blood flow. In the group with residual 
hypertension the increase in filtration fraction is 
more marked than in the group with clinical cure 
and reaches levels seen in essential hypertension 
( 5 , 6 , 8 ). 

The antepartum clearances and clearance ratios 
bear no consistent relation to the severity of the 
clinical manifestations or to the eventual outcome 
of the disease. The postpartum observations, 
however, fall readily into two groups and may 
offer some aid in prognosis. In the patients in 
whom hypertension was to persist, the diodrast 
clearance had fallen and the filtration fraction had 
risen considerably in the first test done post- 
partum, whereas in the cured group the inulin 
clearance had increased, the diodrast clearance had 
fallen slightly, and the filtration fraction had 
risen to normal in the first test done after de- 
livery, regardless of whether the blood pressure 
had fallen to normal or not. 
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The slight diminution in filtration rate ante- 
partum could result from afferent arteriolar con- 
striction, which would cause a fall in filtration 
pressure, from edema of the kidney with resultant 
increase in interstitial pressure or from thickening 
of the basement membrane of the glomerulus with 
an increase in resistance to filtration (14). Any 
one of these mechanisms could conceivably be 
operative antepartum and disappear within a few 
days after delivery. 

That the inulin clearance remains a true meas- 
ure of glomerular filtration rate in toxemia is 
open to possible question on the ground that the 
permeability of the supposedly thickened glomeru- 
lar filtering bed to the large inulin molecule might 
be reduced. In five subjects, however, on whom 
clearances of sorbitol or mannitol were done (15), 
the clearances of these hexitols were found to be 
identical with the simultaneous clearance of inu- 
lin.® If inulin is not filtered at the same rate as 

3 Hexitol and inulin clearances both antepartum and 
postpartum on patients F. P. (Table I), and H. F. and 


these smaller molecules, the hexitol/inuHn clear- 
ance ratio can otherwise be maintained at the 
observed value of 1.0 only through the unlikely 
circumstance that a fraction of the filtered hexi- 
tol, exactly equal to that of the unfiltered inulin, 
is reabsorbed by the tubules. Yet tubular func- 
tion in these five subjects is within normal limits 
as measured by diodrast Tm- 

The observed alterations in effective renal blood 
flow are apparently not solely dependent upon the 
arterial blood pressure, for in some instances the 
diodrast clearance falls before the blood pressure 
falls. This observation indicates that the rela- 
tively high effective renal blood flow before de- 
livery, and its decrease promptly thereafter, must 
be related to alterations in the renal vessels. The 
changes in effective renal blood flow may be ex- 
plained by variations in efferent arteriolar tone 
(14), namely, dilatation of slight degree ante- 

M. S. (Table II), and postpartum on E. S. (Tabic I) 
and M, C. (Table II), have already been published by 
Smith, Finkelstein and Smith (15). 




KHNAU FUNCTION' IN' TOXEMIA OF PREGNANCY 


69 


partum followed after delivery by a return to 
noniial tone in the cured group and by spasm in 
the h)'pcrtcnsive group. 

The dramatic improvement in the toxemic pa- 
tient after deliver}- or fetal death is well known. 
The changes observed in diodrast clearances and 
filtration fraction — namely, a reduction from the 
level of nonnal renal blood flow or actual renal 
li}’peremia to a level of renal ischemia accom- 
panied by evidence of cfTcrcnt arteriolar spasm — 
are seen soon after deliver}-. Both of these 
phenomena arc evidently associated with the 
emptying of the uterus or the cessation of pla- 
cental circulation. In those pregnant patients in 
whom h}^ertension is to persist and in whom the 
efferent h}'pertonus characteristic of essential hy- 
pertension is to appear after delivery, it is pos- 
sible that constriction of the efferent arteriole is 
prevented by some unknown factor effective so 
long as pregnancy continues. Such an hypothesis 
is supported by the fact that in a small series of 
women with essential hypertension (unpublished 
data) renal blood flow is higher antepartum than 
postpartum and in two individuals is higher dur- 
ing pregnancy than before pregnancy. The filtra- 
tion rate in these women with essential hyperten- 
sion is unaffected by pregnancy. 

In respect to the genesis of hypertension in 
toxemia of pregnancy, both in patients whose 
blood pressure is to return to normal and in those 
in whom hypertension is to persist, there is no 
evidence that renal ischemia plays any part. In- 
deed, when the blood pressure is highest, there is 
neither the renal ischemia nor the efferent arterio- 
lar hypertonus characteristic of essential hyper- 
tension. Yet those patients in whom hypertension 
persists show in their postpartum clearances renal 
disturbances which cannot be distinguished from 
those of essential hypertension. The failure to 
find a reduction in renal blood flow in toxemia of 
pregnancy in which hypertension is such a striking 
feature is an argument against the theory that 
renal ischemia is a primary causal factor of the 
hypertensive process. 

CONCLUSIONS 

1. In toxemia of pregnancy the tubular excre- 
tory mass (diodrast T^) is normal; the effective 
renal blood flow (diodrast clearance) is normal 


or above normal; the glomerular filtration rate 
(inulin clearance) is somewhat reduced when re- 
ferred to postpartum values; the filtration frac- 
tion is normal or low. 

2. Following delivery the filtration fraction in- 
creases, in part because of a fall in diodrast clear- 
ance and in part because of an increase in inulin 
clearance. In the group with clinical cure these 
changes leave the figures within the normal range. 
In the group with persistent hypertension the re- 
sults of these functional tests are identical with 
those found in essential hypertension. 

3. The view that renal ischemia is an essential 
factor in the production of hypertension is op- 
posed by the evidence that in the presence of the 
hypertension of toxemia there is a normal or even 
an increased renal blood flow. 

Wc are indebted to Dr. Homer W. Smith for having 
many analyses of diodrast iodine carried out in the De- 
partment of Physiology before the method was set up in 
this Laboratory. We wish further particularly to ex- 
press our thanks to him for his interest and advice. 
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In previous reports (1, 2) a description was 
given of abnormal gait and degeneration in the 
nervous system which developed in pigs under cer- 
tain experimental conditions. It was suggested 
that these effects were the result of a dietary de- 
ficiency and evidence was presented which indi- 
cated that the changes took place in spite of ade- 
quate amounts of vitamin A, thiamin, riboflavin, 
nicotinic add or vitamin E. Inanition or mineral 
deficiency did not seem to play any role. It was 
shovvTi that a nerve-protecting factor was present 
in liver and, to a lesser extent, in yeast. 

In an attempt to discover the nature of this 
protective factor or factors, further experiments 
have been carried out in which the basal deficient 
diet has been supplemented by various crude 
sources of accessory factors, chiefly various frac- 
tions of liver. More recently the newer vitamins, 
pyridoxine, pantothenic add and choline have been 
used in conjunction with thiamin, riboflavin and 
nicotinic add. It is the purpose of this report to 
give an account of the observations dealing with 
crude substances. Particular interest attaches to 
the nerve-protecting value of different fractions of 
liver, for degeneration similar to that observed in 
the pigs occurs in many cases of pemidous anemia 
in man. The fractions of liver used were those 

V Aided by grants from Parke, Davis and Company and 
the Rockefeller Foundation Fluid Research Fund of the 
Johns Hopkins Medical School, and carried out in co- 
operation with the Bureau of Animal Industry, United 
States Department of Agriculture. 

Synthesized vitamins were furnished by Merck and 
Company, Incorporated, crude sources of vitamins by 
Mead Johnson and Company and Parke, Davis and Com- 
pany. Liver fractions were prepared by Parke, Davis 
and Company. 

a Adrian Stokes Memorial Fellow, Trinity College, 
Dublin, and recipient of a grant from the Medical Re- 
search Coimcil of Ireland. 

a Mead Johnson Fellow in Medicine. 

'Fleischmann Fellow in Medidne. 


produced during the manufacture of a liver extract 
which is effective in the treatment of pernicious 
anemia. 

The literature dealing with “lameness,” “stiff- 
ness” and “posterior paralysis” in swine and the 
available information regarding specific substances 
necessary for the preservation of the integrity of 
the nervous s^'stem, were reviewed completely in 
an earlier report (2). Full details were also given 
regarding the general plan of the experiment, the 
management of the animals, their housing and diet, 
and the methods of study. Only a brief account, 
therefore, need be given here. 

GENERAL PROCEDURE 

Pigs of approximately 3 weeks of age were shipped to 
Baltimore from the Beltsville Research Center of the 
United States Department of Agriculture. The animals 
were given a basic diet consisting of crude casein (“New 
Process,” Sheffield By-Products Company) 9.5 grams, 
sucrose 21.0 grams, lard 4.0 grams and swine salt mix- 
ture Number 3 (2) 1.9 grams, per "unit.” This amount 
(“one unit”), which furnishes 152 calories, or a fraction 
of a unit, was fed per kilogram body weight daily. The 
basic diet was supplemented with cod liver oil (Mead 
Johnson, 1800 units A and 175 units D per gram) 0.5 
gram per kilogram body weight per day and powdered 
brewers’ yeast (Mead Johnson) 3 grams per kilogram 
per day. 

This diet appears to be adequate for the normal growth 
and development of young pigs. Weaning is usually ac- 
complished satisfactorily although poor growth at first 
and even episodes of diarrhea may complicate the tran- 
sition period. After the animals became accustomed to 
the diet, and once growth and general nutrition were 
satisfactory, they were divided into groups, usually con- 
sisting of 3 pigs each, composed of representatives of 
different litters which were as similar as possible as re- 
gards weight. 

In all our experiments the neurological changes have 
been the same and have been confined to the sensory 
neuron, so that for the purpose of comparison they can 
be graded, as was done in our previous report (2). 
Briefly restated, the degrees of degeneration are classified 
as follows: 
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0 No lesions. 

1 or + Definite changes in the peripheral nerves 

only: these consist in myelin degenera- 
tion with free fat granules and swollen 
neurilemmal cells. (When there is less 
extensive change in the peripheral nerves 
with only March! degeneration demon- 
strable, the lesion is sometimes graded as 
% or ±.) 

2 or -f-f- The above changes are accompanied by 

chromatolytic changes in the cells of the 
posterior root ganglia. 

3 or H — 1-+ Degeneration of the posterior roots and 

the root entry zone of the spinal cord, in 
addition to the ganglion cell and pe- 
ripheral nerve changes already noted. 


4 or 4-+++ Conspicuous degenerative changes in the 
nerves, ganglia, roots and posterior 
funiculi of the spinal cord. 

PROTOCOLS : EXPERIMENT IV 

Objects. (7) To gain further evidence regard- 
ing the protective value of whole desiccated liver 
and of brewers’ yeast; (2) to determine whether 
the protective substance is present in wheat germ 
and alfalfa; (5) to obtain preliminary informa- 
tion regarding the protective value of the anti- 
pernicious anemia fraction of liver. 

Condiiions of experiment (Figure 1). Fifteen pigs de- 
rived from two litters were fed brewers’ yeast (Mead 



Yeast l ^• , Slight Ataxia ■■■■ Marked Ataxia 
ESS3 Liver vvx/3 Wheot Germ 


F:g. 1. Experiment IV. The Development of “Ataxia,” Convulsions and Neuropathology in Pigs Given 
Only Thiamin, Riboflavin and Nicotinic Acid in the Place of Substances Contained in Yeast and in 
Whole Liver, Compared With the Complete Protection Afforded by Yeast or Liver 
Liver extract, injected intramuscularly, gave no protection in the doses used and wheat germ plus alfalfa meal 

was less effective than whole liver or yeast. _ _ 

All the pigs received the same basal diet. The amount of yeast and the length of time it was fed are s 
Supplements were started when yeast reduction commenced, as indicated by the arrows. For amounts see ex . 

B. refers to thiamin ; R to riboflavin ; N to nicotinic acid. . 

The time of onset and severity of ataxia are indicated. The crosses mark the occurrence of convulsions. U mai 

cates that the animal was found dead, K that it was sacrificed. 

Pig 5-65 was given choline from the age of 233 days. 
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Johnson), 3 prams per kiloprnm Ijody weight daily, until 
they were 63 to 67 days of age. In all but one group the 
amount of yeast fed was then gradually reduced so that 
after 13 days none was given. After a period of IS days 
yeast was given again for 28 days in amounts of 0.5 
gram per kilogram body weight daily. Tin's was done in 
order to produce a less acute deficiency than would fol- 
low the sudden and complete withdrawal of yeast. 


Supplements were added from the time the yeast was 
first reduced (63 to 67 days of age) (Table I and Figure 
1). The quantities of thiamin, riboflavin and nicotinic 
acid given were the amounts estimated as present in the 
yeast which had been withdrawn; namely, thiamin 0.17 
milligram, riboflavin 0.067 milligram, and nicotinic acid 
0.4 milligram per gram of yeast. 

Desiccated whole liver, which was fed as a supple- 


TABLE I 


Nature of supp!c?uenl* 

Pic 

num* 
ber , 

Utter 

num- 

Sex 

Ace yeast | 
reduction i 
began 

Time 
ensuinff | 
before ] 
“ataxia** 
began ; 

Dura- 
tion 
of ] 
experi- 
mentt 

Age 1 
at 1 
death 

Aver- 
age 1 
daily | 
gain in j 
weightf 

Blood at ; 
time of 1 
death 

1 

Nature of death j 

Neuro- 
pa th- 
ologyV 





days 

days 

days 

days 

grams 

1 

red 

blood 

cells, 

millions 

MCV 

C.fl. 
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Yeast continued 

Yeast continued 

5-67 

18 

F 

Not 

reduced 



276 

169t 

7.40 

56 

Killed. 

0 

5-72| 

19 

M 

Not 

reduced 



259 

297f 

6.90 

61 

Killed. 

0 

Yeast continued 

5-74 

19 

M 

Not 

reduced 



258 

406t 

6.90 

63 

Killed. 

0 



* Bi refers to thiamin, R to riboflavin, N to nicotinic add; “des. liver" is whole liver dried at a low temperature; 
parenteral liver extract is a crude anti-pernidous anemia liver extract (1 cc.y= J unit); alf. is alfalfa meal. Details 
concerning the various fractions of liver are given in the protocols of the experiments. Unless otherwise stated supple- 
were given orally; i.m, = intrarauscuMy. 

t By "duration of experiment” is meant the period of tune from the day on which yeast was reduced and supple- 
raents were started to the day of death. The average daily weight gain is calculated for this period. In the case of the 
pigs m which the quantity of yeast was not reduced at any time, the average daily weight gain is calculated from the 
63 to 65 days to the day of death. 

J Pig 5-65 received choline during the course of the expenment. See text, 
n 5-96 received choline and pyridoxine (Be) for a long p^od. See text. 

‘ mgm. intravenously, followed by the same dose the next day. 


■ explanation of grading see “General , 

P , The blood values recorded are those found after convulsions had occurred and before pyridoxine was given, 
r ollowing the administration of vitamin Be the red cell count of pig 5-78 was 4.93 million and the hl.C.V. 61 c.;i: pig 5-75, 
7.15, M.C.V. 51 c.#i; pig 6-00, R.B.C. 6.75, M.C.V. 57; pig 6-08, R.B C. 6.68, M.C.V. 45. 

M.C.V . is mean corpuscular volume. 
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TABLE I — Continued 


1 

Nature of supplement* 



Sex 

Age yeast 
reduction 
began 

Time 

ensuing 

before 

"ataxia” 

began 

Dura- 
tion , 
of 1 
cxperi- 

mentt 

Age 

at 

death 

Aver- 
age 
daily 
gain in 
weight! 

Blood at 
time of 
death 

Nature of death 

Neuro- 

path- 

ologyf 


1 

1 

1 

days 

days 

days 

days 

gravis 

1 red ! 
blood 
cells, 
millions 

MCV 

C./i. 




EXPERIMENT V 


Des. liver, Bi, R, N 

5-88 

20 

M 

94 


264 

358 

241 

6.90 

59 

Killed. 

0 

Des. liver, Bi, R, N 

6-04 

21 

F 

80 


231 

317 


9.00 

56 

Killed. 

0 

Des. liver, Bi, R, N 

6-09 

22 

M 

76 


272 

348 


8.60 

55 

Killed. 

0 

Press cake fraction, 

5-87 

20 

M 

94 

184 

191 

285 

301 

7.90 

49 

Died. Subdural 

+ 

Ba, R, N 

Press cake fraction, 











hemorrhage and 
pulmonary edema. 


6-03 

21 

F 

80 

193 

196 

276 

186 

5.48 

45 

Died (cause?). 

+ 

Bi, R, N 












Press cake fraction, 

6-08 

22 

M 

80 

177 

216 

292 

207 

4.31 

48** 

Killed. Lobar 

+ + 

B„ R, N 











pneumonia. 


"Whipple” fraction. 

5-89 

20 

M 

94 

72 

93 

187 

151 

4.55 

55 

Killed. 

+ + 

B„ R, N 

"Whipple” fraction. 

5-96 

20 

F 

94 

98 

213 

307 1 

145 

5.40 

59 

Killed. 

+ + 

B„ R, N§ 

"Whipple” fraction. 

6-05 

22 

Mi 

76 

72 

93 

169 

250 

5.00 

50 

Killed. 

+ + 

Bi, R, N 













"Cohn” fraction. 

6-00 

21 

M 

80 

198 

267 

347 

232 

5.33 

47** 

Died. Pulmonary 

+ 

Bi, R, Nil 











congestion. 


Parenteral liver ext.. 

5-95 

20 

F 

94 


225 

319 

208 

3.44 

47 

Died. Gastric 

0 

Bi, R, N 











hemorrhage. 

+ 

Parenteral liver ext.. 

5-99 

21 

M 

80 


181 

261 

243 

6.40 

47 

Killed. Broncho- 

Bi, R, N 











pneumonia. 


Parenteral liver ext.. 

6-14 

22 

F 

76 


272 

348 

240 

7.13 

59 

Killed. 


Bi, R, N 













Permutit fraction. 

5-90 

20 

M 

94 

83 

96 

190 

137 

5.20 

38 

Killed. Chronic 

+ + 

Bi, R, N 











arthritis. 

+ + 

Permutit fraction. 

6-02 

21 

M 

80 

58 

59 

139 

241 

7.75 

50 

Died (cause?). 

Bi, R, N 

Permutit fraction. 

5-11 

22 

F 

76 

92 

119 

195 

143 

7.62 

55 

Killed. 

-1- + + 

Bi, R, N 




1 









Mixture of fractions. 

5-92 

20 

M 

94 


138 

222 

258 

7.18 

50 

Died. Rectal ob- 

0 

Bi, R, N 











struction. 

0 

Mixture of fractions, 

5-98 

21 

M 

80 


257 

337 

391 

7.25 

66 

Killed. 

Bi, R, N 

Mixture of fractions. 

6-12 

22 

M 

76 


260 

336 

246 

7.40 

59 

Killed. 

0 

Bi, R, N 












— 


ADDITIONAL ANIMALS 


Parenteral liver ext.. 

6-40 

24 

F 

94 

131 

195 

289 

164 

7.48 

50 

Killed. 

+ + 

i.m., Bi, R, N 













Parenteral liver ext. 
(oral), Bi, R, N 

6-50 

24 

M 

94 


191 

285 

108 

4.77 

44 

Killed. Pleurisy. 
Arthritis. 

+ 


ment to 3 pigs, was given in amounts of 6 grams per 
kilogram body weight per day for 169 days, after which 
time only 1.5 grams per kilogram were fed. The prepa- 
ration used was hog liver, dried in vacuo at a low tem- 
perature (below 40° C). One and one-half grams were 


derived from 5 grams of fresh wet liver. Since the 
thiamin content of liver is lower than that of yeast, t is 
vitamin was given, in the doses already mentioned, to 
those pigs receiving desiccated whole liver. 

The anti-pernicious anemia liver extract used was a 
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crude extract (Parke, Davis) assayed at Vj unit (U.S.P.) 
anli-ancmic \-aluc per cc. It was given subcutaneously, 
0.66 cc. per kilogram once a week for IS weeks and then 
twice a week for the next 6 weeks. The one animal 
surviving bej-ond this time was given a total dose of 20 
cc. twice weekly until it was killed. This represented an 
average amount of 1.0 cc. per kilogram per week. 

Wheat germ (Scaltcst Laboratories) was fed in 
amounts of 6 grams per kilogram per day and alfalfa 
meal 5 grams per kilogram per day. 

Ascorbic acid, 16 milligrams per kilogram, was given 
orally three times a week throughout their lifetime to all 
the pigs in this experiment except pigs 5-67, 5-72 and 
5-74. 

Results (Figure 1, Table I). Confirming our 
previous observations, abnonnal gait and extensive 
degeneration in the nervous system developed in 
the pigs which were given only thiamin, riboflavin 
and nicotinic acid in addition to the basal diet, cod 
liver oil and ascorbic acid. On the other hand, 
desiccated whole liver plus thiamin afforded pro- 
tection even in animals observ'ed for a very long 
time. The period of observation in the animals 
which were given yeast as the only supplement was 
not as long as in the case of those given liver but 
it was equal to that of the animals given only 
thiamin, riboflavin and nicotinic acid. The gait 
of the animals fed only yeast supplement was nor- 
mal in all instances in Experiment IV and no his- 
tologic changes could be found at autopsy. 

It will be noted that the record of wheat germ 
plus alfalfa meal, given in addition to thiamin, 
riboflavin and nicotinic acid, is not as good as that 
of desiccated whole liver or yeast, for one animal 
developed incoordination in gait and degenerative 
changes were found in the nervous system. It 
is of interest to note that cirrhosis of the liver 
was found in all 3 of these animals but was absent 
in the rest of our pigs. Cirrhosis of the liver has 
been described as a manifestation of nutritional 
deficiency in rabbits (3). 

■ The anti-pernicious anemia fraction of liver, 
given parenterally in addition to thiamin, riboflavin 
and nicotinic acid, which were administered orally, 
failed, in the doses used, to produce a result sig- 
nificantly better than that in animals given these 
vitamins alone. 

Choline chloride, 10 mgm. per kgm. per day, 
was given orally to pig 5-65 167 days after yeast 
had been replaced by thiamin, riboflavin and nico- 
tinic acid, given orally, and parenteral liver ex- 


tract, given intramuscularly. A well pronounced 
slapping gait had been present for two months and 
this animal’s experimental mates had already died 
following the development of ataxia and other 
signs of deficiency, including convulsions in one of 
them (Figure 1). The ataxia did not progress 
once the administration of choline was started. 
Weight gain occurred and, after 2 months, definite 
improvement in gait was noted. Some improve- 
ment in the general appearance of the animal also 
took place and after almost 3 months of choline ad- 
ministration no abnormality in gait could be noted. 
This improvement did not persist, however. For 
a period of 3 weeks a slight abnormality in gait 
was perceptible, then definite ataxia appeared and 
in another week an epileptiform convulsion oc- 
curred. Following this the gait deteriorated con- 
siderably and repeated convulsions took place. 
The animal was finally sacrificed. 

The growth and general development of the ani- 
mals fed liver, wheat germ and alfalfa meal, or 
yeast, were good, while in the remainder they were 
less satisfactory (Table I). In the pigs given 
only thiamin, riboflavin and nicotinic acid, and in 
those given the anti-pernicious anemia fraction of 
liver in addition to these vitamins, a generally un- 
tidy appearance, diarrhea and loss of appetite oc- 
curred : in several even vomiting accompanied the 
onset of abnormal gait. The vomiting and diar- 
rhea ceased after several days, possibly as the 
result of the administration of 11 grams of yeast 
daily for several days, but the untidy appearance 
persisted. Later diarrhea recurred in several ani- 
mals in episodes of 3 or 4 days’ duration and 
disappeared spontaneously. 

Epileptiform convulsions were observed in 2 of 
the 3 pigs receiving thiamin, riboflavin and nico- 
tinic acid as the only supplements and in 2 of the 
3 animals receiving injections of liver extract in 
addition to thiamin, riboflavin and nicotinic acid 
by mouth. The single member of the first group 
in which convulsions were not observed (5-61) 
died at a very early age. The convulsions first 
appeared when the pigs were 197 to 329 days of 
age, and after the experiment had been in prog- 
ress 137 to 263 days. 

Preceding the convulsion it was usually noted 
that the pig was excited and “nervous.” Further 
excitement such as the rattle of the food pans or 
that produced by allowing the pig into a runway 
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in order to observe its gait would sometimes pre- 
cipitate an attack. Frequently the pig would run 
at great speed up and down the runway and then 
would collapse. The convulsions varied in inten- 
sity but in general the pattern was as follows : the 
pig lay on its side, all four limbs and the muscles 
of the body jerked rapidly, the head was held in 
extension, the eyes were shut or turned upwards 
and saliva drooled from the mouth. After sev- 
eral minutes, the spasmodic muscular contractions 
ceased and a stage of stupor followed which also 
lasted several minutes. Occasionally a gurgling 
sound could be heard. When the stupor was over 
the pig would try to get up and, when it finally 
succeeded, it would proceed in a staggei;ing, dazed 
fashion. An animal previously able to run at a 
furious pace would stumble and fall repeatedly. 
In several animals ataxia appeared for the first 
time following a convulsion and progressed rap- 
idly from then on. 

■Once convulsions set in they were often repeated 
at intervals of several days, sometimes more often 
(Figure 1). Pig 5-78, following the fifth convul- 
sion, was given pyridoxine hydrochloride, 100 
mgm. intravenously, followed the next day by the 
same dose together with 30 mgm. thiamin chloride. 
During the following 11 days the same dose of 
thiamin, together with 10 mgm. pyridoxine, was 
given daily intravenously. No further convulsions 
were observed but the animal remained very 
clumsy and ataxic. Pig 5-75, following six con- 
vulsions in the same number of days, was helpless 
and unable to stand. Pyridoxine, 100 mgm., was 
given daily intravenously for the remaining 8 days 
before the pig died. The state of helplessness was 
unchanged, but no further convulsions were ob- 
served until the day of death when one more was 
noted. 

In pig 5-65 convulsions appeared at a much later 
date than in the other pigs. This animal differed 
from the others in that it was given choline for a 
long time, as already described. Five convulsions 
were observed occurring in rapid succession in the 
13 days preceding death. 

Severe anemia (Figure 2) was observed in 2 of 
the pigs given only thiamin, riboflavin and nicotinic 
acid (5-76, 5-78) and in 2 given parenteral liver 


extract in addition (5-75, 5-79). The first 2 ani- 
mals developed anemia at the same time that other 
signs of deficiency appeared (untidy appearance, 
loss of appetite, diarrhea, vomiting). Following 
the administration of a very small amount of yeast 
(0.5 gram per kgm. daily for 11 days) the anemia 
was promptly relieved (Figure 2). After 3 weeks 
anemia recurred and gradually became more se- 
vere than it was originally. Following the admin- 
istration of pyridoxine and thiamin to pig 5-78, a 
slight decrease of anemia of questionable signifi- 
cance occurred. 

The anemia in the 2 pigs given parenteral liver 
extract was steadily progressive and terminally it 
developed very rapidly. One of these animals, 
5-75, was given pyridoxine. The doses were 
larger than those given 5-78, and a prompt and 
substantial rise in the blood count followed (Fig- 
ure 2). 

As the anemia developed, increasing anisocy- 
tosis but practically no. poikilocytosis or hypo- 
chromia appeared. A few polychromatophilic 
macrocytes were noted, but the most striking 
change was the appearance of microcytes, some 
extremely small. When the anemia became quite 
severe, a well marked decrease in the mean cor- 
puscular volume was found. 

EXPERIMENT V 

Object. To obtain further information regard- 
ing the nature of the factor or factors in whole 
liver which protect the nervous system of the pig* 

Conditions of experiment. In the process of nianufac 
ture of liver extract for the treatment of pernicious 
anemia, hog liver is digested at pH S, then heated at 85 
C. and filtered. The residue is known as the filter press 
cake and ordinarily is discarded. The filtrate, after re 
duction to small volume at a low temperature in vacuo, 
is treated with alcohol added in amounts to make^ a / 
per cent concentration. A precipitate forms which is 
sometimes known as the Whipple “secondary anemia 
fraction. The clear fluid obtained after removal of t e 
70 per cent alcohol precipitate by filtration is known as 
the Cohn anti-pernicious anemia fraction. This can e 
desiccated as is done to obtain a dry preparation 
oral administration in the treatment of pernicious anemi 
or it may be passed through permutit in order to prepare 
a fraction which can be given parenterally. The proces 
can be outlined schematically as follows . 




AGE (Days) 


Fig. 2, The Development of Anemia in Pigs Fed an Artificial Diet Supplemented with 
Thiamin, Riboflavin and Nicotinic Acid and Various Liver Extracts 


The continuous lines represent volume of packed red cells in cubic centimeters per 100 cubic 
centimeters of blood. The interrupted lines divide the various groups. The arrows represent 
the time of administration of pyridoxine in pigs 5-75 and 6-08 and of pyridoxine together with 
thiamin in 5-78 and with riboflavin in 6-00. The hatched areas represent the temporary ad- 
ministration of yeast to pigs 5-76 and 5-78. 


Note the absence of anemia, as indicated by the essentially horizontal lines, in pigs fed the mix- 
ture of liver extracts or desiccate’d whole liver. 

(For brevity, curves for the following pigs, none of which showed a significant degree of 
anemia, have been omitted: 5-77, desiccated whole liver; S-6S and 6-14, oarenteral livpr n.- 
tract; 5-87, press cake; 5-96, Whipple fraction; 6-02 and 6-11, permutit fraction- 5-67 4-7? 
and 5-74, brewers’ yeast; and 5-69, 5-70 and 5-73, wheat germ and alfalfa meal ) ’ ’ ^ 

Each division on the ordinate represents 12 cc. of packed red cells per 100 cc blood 
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Whole liver 


Heated and treated with water and acid and filtered 


I 

Residue 
“Press Cake” 


1 ' 

Filtrate 


Treated with 70 per cent alcohol 
I and filtered 


I 

Residue 

Whipple’s secondary 
anemia fraction 




Filtrate = Cohn fraction 
Oral liver ex- 
tract 

Passed through permutit 


f 


Permutit adsorbate 


I 


Filtrate = Parenteral 
liver extract 


In order to assay these fractions, 21 pigs, weaned as 
already described, were divided at ages of 69 to 87 days 
into 7 comparable groups of 3 each. Yeast was with- 
'drawn completely over a period of 2 weeks. From the 
time of the first reduction of yeast, the administration of 
thiamin, riboflavin and nicotinic acid, in the doses indi- 
cated in Experiment IV, and of whole liver or liver frac- 
tions, was commenced. The latter were given in the 
form of a dry powder mixed with the basal diet each 
day. All supplements were given orally. 

For the purpose of this experiment a large amount of 
liver was processed in the plant of Parke, Davis and 
Company and all fractions were saved. The following 
are the amounts of the various fractions obtained per 5 
grams fresh whole liver: 


Desiccated whole liver 1.560 grams 

“Press cake” 0,915 gram 

“Whipple” fraction 0.215 gram 

“Cohn” fraction 0.200 gram 

Parenteral liver extract 0.180 gram 

Permutit adsorbate 0.095 gram 


The amount of any fraction derived from 5 grams of 
fresh whole liver will be referred to here as one “equiva- 
lent.” This amount of whole liver, per kilogram body 
weight, corresponds to the quantities of whole liver used 
at one time in the treatment of pernicious anemia (300 
to 350 grams per patient per day). 

One of the above six products was fed to each of a 
group of 3 pigs. At the start of the experiment the daily 
dose per kilogram was one equivalent in the case of the 
desiccated whole liver and two equivalents in the case of 
the various fractions. The double dose of the fractions 
was used because of the possibility that protective factors 
might have been lost in the process of manufacture. A 
seventh group of pigs was given the press cake, Whipple, 
parenteral liver extract and permutit fractions mixed in 
the proportions derived from 5 grams of fresh liver. 
These animals received 1.41 grams of the mixture per 
kilogram, or one equivalent. 


As shown in Figure 3, the quantities of the liver frac- 
tions used were altered in the course of the experiment. 
Modifications were made in terms of “equivalents” of 
fresh liver and parallel changes were made in all groups. 

Two of the 3 pigs fed the Cohn fraction died suddenly 
following a bout of diarrhea shortly after the experiment 
was commenced and have therefore been excluded from 
this report. 

Results (Figure 3 and Table I). It was evident 
very early that the permutit fraction was lacking 
in essential growth factors and in factors needed 
for the protection of the nervous system. The 
same was true of the Whipple fraction. In the 
other groups of animals, on the other hand, no 
evidence of deficiency appeared at this period. 
The amounts of the press cake, Cbhn, and paren- 
teral liver extract fractions were therefore reduced 
from two to one “equivalent.” This change was 
maintained for 56 days when a further reduction 
to one-half equivalent was made. Shortly after 
this reduction, evidence of abnormal gait appeared 
in the animals receiving press cake and in the pig 
fed the Cohn fraction. Since it was feared that 
the amounts of the extracts had been reduced to 
so low a level that abnormal gait might develop in 
all groups and that differences between them might 
thereby be obscured, 4 weeks after this last change 
the amount of supplement was increased to one 
equivalent. No additional animals developed ab- 
normalities in gait, but 2 of those receiving the 
parenteral liver extract were found on histologic 
examination to have demonstrable changes of mild 
degree in the nervous system. None of the pigs 
receiving the mixture of fractions or desiccated 
whole liver showed signs of incoordination or evi- 
dence of nerve lesions histologically. 

The pigs fed desiccated whole liver and the mix- 
ture of liver extracts, respectively, grew rapidly 
(Figure 4). Those in the latter group looked par- 
ticularly well developed and well nourished. The 
Cohn, parenteral liver extract and press cake frac- 
tions in the order named, were less satisfactory in 
promoting growth. A pronounced deficiency of 
growth factors was observed in the pigs fed the 
Whipple and the permutit fractions. 

One of the pigs (5-96) fed the Whipple frac- 
tion was given choline chloride in the same doses 
as those used for pig 5-65 (Experiment IV). 
After 3 weeks pyridoxine, 0.3 mgm. per kgm- 
daily, was also given. This animal lived consider- 



SENSORY NEURON DEGENERATION IN PIGS 


79 



Fig. 3. Experiment V. The Relation of “Ataxia,” Convulsions and Neuropathology to the Amount 

AND Type of Liver Extract Fed 

Each "equivalent” of a liver extract is the amount derived from S grams of fresh, whole liver. For fur- 
ther details see Table I and protocol. All pigs received thiamin, riboflavin and nicotinic acid. 

The vertical arrows indicate the approximate date of onset of ataxia. The crosses represent convulsions. D 
indicates that the animal was found dead ; K that it was sacrificed. 

Pig 5-96 was given choline and pyridoxine during the period indicated. 


ably longer than its mates, but no consistent im- 
provement in gait occurred. There was no fur- 
ther weight gain and finally the animal deteriorated 
and became helpless. It was sacrificed 94 days 
after choline was first given. 

Epileptiform convulsions, like those already de- 
scribed, were observ'ed in 2 of the 3 pigs fed press 
cake, in one of those fed the parenteral liver ex- 
tract and in the animal receiving the Cohn frac- 
tion (Figure 3). The last was the only pig 
treated with vitamins. This am’mal had had four 
observed convulsions and had reached a state of 


complete helplessness. Pyridoxine was given, 50 
mgm. intravenously on 2 successive days. No ad- 
ditional convulsions were seen. However, there 
was only sh'ght improvement in the degree of 
prostration and therefore on the third day 30 mgm. 
riboflavin were given intravenously. Three days 
later the animal was able to move about actively, 
the only abnormality present being the stamping 
gait characteristic of our "ataxic” animals. 

Severe anemia was observed in 2 out of 3 pigs 
receiving the press cake fraction (Figure 2 and 
Table I). The third (5-87) developed microcy- 
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INTERVALS of 5 WEEKS 


Fig. 4. Growth of Pigs Receiving Desiccated Whole Liver, Various Liver Extracts 
AND A Mixture of These Extracts, Compared with That of Pigs Raised at the Experi- 
mental Farm of the U. S. Department of Agriculture, Beltsville, Maryland. 

Arrows indicate the onset of ataxia. 

All pigs received one unit of diet (152 calories) per kgm. until they were AVs to 5 months of 
age, half a unit for the next 6 to 8 weeks, a third unit for the following 6 to 8 weeks, a half unit 
again for 4 weeks and a third of a unit thereafter. 

tosis without severe anemia. One of these pigs fraction. The third member of this group (5-96) 
(6-08) was treated with pyridoxine (50 mgm. developed no anemia. This pig differed from its 

daily for 16 days) and a rise in red cell count mates in that it was given choline and pyridoxine 

without increase in the size of the cells followed, in addition to the liver fraction. In the single pig 

This pig’s feet were ulcerated and bleeding, mak- fed the Cohn fraction (6-00) severe anemia and 

ing interpretation of the results difficult. Anemia microcytosis developed. Following two injections 
was present also in 2 pigs receiving the Whipple of pyridoxine (50 mgm. each), together with one 



SENSORY NEURON DEGENERATION IN PIGS 


81 



Flos. 5-13. Abnormal Gait in Various Pics and Coma Foluoivin-g Convulsion in Pig 5-65 

attSpt'to batnc; “goose-step,” in Figure 7 

so characteristic of oiirs ff ' t malnutrition and the untidy appearance of the hair (Figure 5) 

Figure r Pi (parerrarw enlargements from a motion pLre film 

Figures 9 and 10 PifSr? I, ■ ] eomatose state following a convulsion. 

Figures 11. 12 and U I?*" “"‘rolling the fore and hind legs, 

against a pen (Figure 111 tL s h'Ppie fraction ot liver), showing the attempt to gain support by leaning 
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injection of riboflavin (30 ingin.), the reticulocytes 
increased from 4.2 per cent to 11.4 per cent on the 
fourth day following the first injection and the 
anemia was relieved in 6 days. Of. the group re- 
ceiving '“^parenteral’' liver extract, anemia was ob- 
served in 2 out of 3 pigs. In one of these gastric 
hemorrhage occurred and accounted at least in part 
for the anemia. Severe anemia was found in only 
one of the pigs fed the permutit fraction of liver. 

DISCUSSION 

Protection of the nervous system. For the pe- 
riod of the experiments, the development of de- 
generative changes in the nervous system was pre- 
vented by feeding desiccated whole liver or brew- 
ers’ yeast. Wheat germ together with alfalfa 
meal was more variable in effect. Desiccated 
whole liver gave protection in amounts derived 
from 5 grams fresh liver per kilogram body weight 
daily. The combination of fractions obtained 
from this quantity of liver was equally effective 
but none of the individual . fractions, fed singly, 
gave complete protection. It should be pointed 
out that all the animals described here except those 
given yeast throughout the experiment received 
supplements of thiamin alone or thiamin, ribo- 
flavin and nicotinic acid in amounts adequate to 
prevent deficiencies of these substances. 

The extract of liver which is used in the treat- 
ment of pernicious anemia was clearly the best of 
the extracts assayed. None of the 3 pigs receiv- 
ing the parenteral fraction in Experiment V de- 
veloped an abnormal gait. One was found free 
of histologic nerve changes and one showed periph- 
eral nerve lesions detectable only by Marchi stain- 
ing. Only one animal was found to have changes 
demonstrable by the Pal-Weigert or the Mahon 
stains for myelin. 

Thus the pigs developed relatively mild neuro- 
pathological changes and no observed ataxia when 
fed one-half to one equivalent of the anti- 
pernicious anemia fraction per kilogram daily. 
This is in contrast to the more extensive neuro- 
logical lesions, as well as definite ataxia, which oc- 
curred in animals given less (approximately one- 
tenth equivalent) of a similar fraction parenterally 
(Experiment TV). Even the latter dose, however, 
is large when compared with the amounts effective 
on parenteral administration in relieving anemia 


in man. On the basis of this evidence, it appears 
that large amounts of the anti-pernicious anemia 
fraction are required by the pig. 

The antianemic effect of liver extract in per- 
nicious anemia is greatly enhanced by parenteral 
administration of the extract. In order to com- 
pare the value of “parenteral” liver extract when 
given orally and parenterally, respectively, 2 addi- 
tional pigs (6—40 and 6-50, Table I) were given 
per kilogram body weight per day that amount of 
extract derived from 2 grams fresh liver. The ex- 
perimental conditions were the same as those 
already described and thiamin, riboflavin and 
nicotinic acid were fed as in the animals already 
discussed. The liver extract was injected intra- 
muscularly twice a week in one pig while the other 
pig received the same amount orally with its food 
twice a week. After 3 weeks the dose of extract 
was increased 50 per cent in both animals. Pig 
6-40 finally received as much as 70 and even 80 
cc. liver extract intramuscularly twice a week. 

These quantities of liver extract, which were less 
than those fed the pigs in Experiment V, failed to 
protect the nervous system of pigs 6-40 and 6-50. 
The animal receiving injections grew more rap- 
idly than its mate. The latter was thin and untidy 
in appearance, while the former looked well- 
nourished. However, an abnormal gait developed 
in pig 6-40 in spite of the appearance of good 
health. Ataxia was not observed in the pig fed 
liver extract. Histologically the latter animal 
showed a less severe degree of degeneration in the 
nervous s)'^stem than pig 6-40. 

It thus appears that there is no increase in tiie 
efficacy of liver extract in protecting the nervovis 
system of )'’Oung pigs when it is given parenterally- 

Convulsions. Convulsions were observed in oui 
animals after 5 or 6 months on a deficient diet. 
They occurred when only thiamin, riboflavin and 
nicotinic acid represented the “B” vitamins or 
when “parenteral” liver extract, the Cohn fraction 
or the press cake fraction was furnished in addi- 
tion to these vitamins. The cause of the con- 
vulsions is not altogether clear. One pig which 
died after a convulsion (5-87) was found to ha'C 
a subdural hemorrhage, but in the other animals 
no anatomical lesions in the brain have been dis- 
covered in the sections studied so far. 

That the convulsions were a manifestation o 
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nutritional deficiency seems apparent for they have 
never been obser\'cd in animals receiving whole 
desiccated liver, a mixture of liver extracts which 
probably is equivalent to whole liver, brewers’ 
yeast or wheat germ and alfalfa meal in addition 
to thiamin, riboflavin and nicotinic acid. Epilepti- 
form convulsions have been observed in pigs (4), 
dogs (5, 6) and rats (7) and have been attributed 
to pyridoxine defidency. 

Aitmia. The anemia obsen'ed in our animals 
was no doubt due to nutritional deficiency for in 
those fed whole liver, yeast, wheat germ and al- 
falfa or the mixture of liver fractions, the blood 
was maintained at an essentially constant level. 
Why anemia was more pronounced in one pig fed 
a defident diet than in another, or why a few on 
deficient diets failed to develop any anemia, is not 
evident. The anemia observed was similar to that 
described by others in dogs (8) and pigs (4) and 
has been attributed to pyridoxine deficiency. 

Gastric analyses were performed in most of our 
pigs from time to time. No significant and con- 
sistent abnormalities were found. 

Relation to pernicious anemia. Little can be 
added to what was stated in a previous publication 
(1) regarding the possible relationship of the de- 
generative changes in the nervous system of these 
pigs and those observed in some cases of pernicious 
anemia. The fact that the fraction of liver which 
is effective in relieving the anemia in the latter 
disease was more valuable in protecting the nerv- 
ous system of pigs than the other liver fractions, 
is of interest. That large amounts of liver ex- 
tract were necessary for this purpose is another 
point of similarity with pernicious anemia, for it 
IS a generally held clinical impression that large 
quantities of liver or of crude liver extracts are 
required to effect any improvement or to prevent 
the advance of lesions in the nervous system of 
patients. Unlike the blood picture in pernicious 
anemia, macrocytic anemia was not observed in 
our animals. 

It remains to be proved that the changes in the 
nervous system observed in the pigs and those seen 
m pernicious anemia are due to the same cause. 
If they are, then perhaps our work provides evi- 
dence that the factors protecting the nervous sys- 
tem and the antianemic substance are distinct from 
each other because we failed to produce macro- 


cytic anemia on a diet deficient in the nerve- 
protecting factor. Assays are being made of the 
antianemic potency of the livers of our animals by 
which it is hoped to obtain information regarding 
the relation between the antianemic and the nerve- 
protecting factors. 

Perhaps the strongest evidence to support the 
view that there is little relationship between the 
factors concerned with blood formation and with 
maintaining the integrity of the nervous system is 
the fact that in a number of human disorders 
characterized by macrocytic anemia, and which 
respond to liver therapy, such as sprue, degenera- 
tive changes in the nervous system are scarcely 
ever found. It may or may not be significant that 
pernicious anemia differs from such conditions in 
which neurologic symptoms are rare in that a 
profound disturbance in gastric secretion is char- 
acteristic of pernicious anemia. This would sug- 
gest that the gastric juice may play a role in pre- 
paring for the body a substance necessary for 
maintaining the integrity of the nervous system. 
The observation that liver extract given paren- 
terally seemed somewhat less effective in protecting 
the nervous system of the pigs than was liver ex- 
tract given by mouth may, if it is confirmed, sug- 
gest a need for its passage via the gastro-intestinal 
tract and may point again to the difference between 
the nerve-protecting and the antianemic factors in 
liver extract. In man, the antianemic factor is 30 
to 60 times as potent when given intramuscularly 
as compared with its effect when given by mouth. 

SUMMARY 

1. Abnormal gait and degenerative changes in 
peripheral nerves, spinal ganglia and the posterior 
funiculi of the spinal cord developed in pigs de- 
ficient in factors other than thiamin, riboflavin 
and nicotinic acid but did not occur when desic- 
cated whole liver or brewers’ yeast was fed.® 

6 In an article which has just appeared (Mitchell, D., 
Spinal cord degeneration produced by dietary means. 
Brain, 1941, 64, 165) failure to prevent the development 
of demyelinization of the spinal cord in pigs by the feed- 
ing of yeast is reported. The suggestion is made that 
me pathological changes in the nervous system observed 
by Mitchell and by ourselves are due to a lack of some 
essential inorganic micro-constituent of the diet, probably 
copper. No experimental evidence to support the latter 
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Wheat germ together with alfalfa meal was not 
as effective in preventing sensory neuron degenera- 
tion as liver or yeast. 

2. The various fractions obtained during the 
manufacture of anti-pernicious anemia liver ex- 
tract were assayed for their value in protecting the 
nervous system. The fraction used in the treat- 
ment of pernicious anemia was the most effective 
of all those tested but relatively large amounts 
were required. The value of the extract was not 
increased by parenteral administration. 

3. Growth was better when the anti-pernicious 
anemia extract or the “press cake” fraction was 
given than when other fractions were used, but 
was not as satisfactory as when the whole dried 
liver or a mixture of all the fractions was fed. 
Furthermore, convulsions and anemia developed 
in pigs which were fed these fractions. 

4. It should be pointed out that all the animals 
described here except those given yeast throughout 
the experiment received supplements of thiamin 
alone or thiamin, riboflavin and nicotinic acid in 

view is given. Mitchell fed the salt mixture described in 
our preliminary experiments (1), not that used in later 
studies (2) or in those reported here, which contains 
significant and probably adequate amounts of copper as 
well as other metals (2). This, as well as consideration 
of the experiments reported by Mitchell, makes it appear 
more probable that his failure to prevent the development 
of degenerative changes in the nervous system is at- 
tributable to a lack of necessary protective factors in the 
yeast he used. In our earliest experiments. Experiments 
I and II (2), the feeding of yeast prevented the develop- 
ment of pathological changes only in 5 out of 12 animals. 
This led us to change the source of the yeast. Since 
type “M” (Mead, Johnson and Company) has been fed 
from the time pigs are received, all animals have been 
protected successfully (Experiment III (2) and IV (in 
the present report) ) . Experimental evidence to be re- 
ported shortly indicates that the protective substance in 
yeast and in liver is not copper. 


amounts adequate to prevent deficiencies of these 
substances. 
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Pyruvic acid is a normal inteniicdiarj' of carbo- 
hydrate metabolism (1, 2). It has been previ- 
ously demonstrated that thiamin, or more particu- 
larly thiamin p 3 Tophosphate (cocarboxylase), is 
concerned in the normal catabolism of p 3 Tuvic acid 
(1). In Oriental beri-beri (3) and peripheral 
neuropath 3 ' in the alcohol addict (4) — both dis- 
eases associated with a deficiency of thiamin — 
h3'perpyruvemia does occur. 

PyruHc acid is a keto acid and therefore a bisul- 
fite binding substance. Previous investigators (5, 
6, 7) have frequently used the measurement of 
the total bisulfite binding substances (B.B.S.) as 
an indication of the p 3 ’^ruvic acid level of the blood. 
More recent work (8, 9, 10, 11) indicates that this 
is> not justified and that a more specific method for 
pyruvic acid must be used. 

Utilizing such a method, we have determined 
the concentration of pyruvic acid in 60 normal 
subjects (12). The figures varied from 0.77 to 
L16 mgm. per cent, the average being 0.98 mgm. 
per cent. We have considered as abnormally high 
cases with blood pyruvic acid levels above 1.30 
rogm. per cent. The spinal fluid pyruvate is 70 to 
120 per cent of a corresponding blood sample 
(average 82 per cent) (13). 

The present study was undertaken in order to 
determine the clinical significance of the pyruvic 
acid levels in blood and cerebrospinal fluid. 

MATERIALS AND METHODS 

Pyruvic acid was determined in the blood by a 
method previously described (12, 14). Spinal 
fluid pyruvate was determined similarly, except 
that it was found that the stabilizing medium 
(monoiodo acetate) was unnecessary. All samples 

^ Aided by grants from the John and Marj- R. Markle 
oundation, the Williams-Waterraan Fund of the Re- 
search Corporation, and an Anonymous Donor for Re- 
search in Psychosomatic Medicine. 


were obtained in fasting subjects at complete bed 
rest. 

RESULTS 

{A) Normal individuals 

Blood p 3 Tuvic add was determined in 41 nor- 
mal individuals (internes, laboratory workers, at- 
tending physicians). The figures varied from 
0.77 to 1.23 mgm. per cent (average 1.02). 

(5) "Acute” peripheral neuropathy 

Blood determinations were done on 48 indi- 
viduals. The figures ranged from 1.00 to 3.63 
mgm. per cent (average 1.88). Three had figures 
below 1.30 mgm. per cent, the accepted normal. 
In 23 of these individuals, spinal fluid pyruvic acid 
determinations were done. The figures ranged 
from 1.00 to 2.37 mgm. per cent (average 1.64). 
We (15) have previously indicated that all these 
cases of “acute” peripheral neuropathy were as- 
sociated with some type of cortical dysfunction. 
This group included 11 cases of Wernicke’s syn- 
drome, a disease known to be associated with a 
deficiency of thiamin (16, 17), and the others 
showed various types of encephalopathy, including 
Korsakoff S 3 'ndrome, delirium tremens, nicotinic 
acid deficiency and other less serious ly^pes of 
cortical dysfunction. In 3 individuals, the “acute” 
peripheral neuropathy was associated with beri- 
beri heart disease. 

(C) Chronic peripheral neuropathy 

These cases include (a) those who had re- 
ceived adequate vitamin therapy without a com- 
plete return to normal functiom’ng of the periph- 
eral nerves, or (5) individuals ivho had been on 
hospitals diets for some time. 

Blood determinations were done on 25 such 
cases irith figures ranging from 0.85 to 1.31 mgm. 
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Fig. 1. Blood Pyruvic Acid 


A. Normal individuals 

B. “Acute” peripheral neuropathy 

C. Chronic peripheral neuropathy 

D. Chronic alcoholics with no objective evidence of nutritional deficiency 

E. Psychiatric disorders 

F. Medical disorders (no febrile reaction) 

G. Fever 


per cent (average 1.12). In 10 of these cases, 
pyruvic acid was determined in the spinal fluid. 
The figures ranged from 0.83 to 1.31 mgm. per 
cent (average 1.07). 

( O') Chronic alcoholics with no objective evidence 
of nutritional deficiency 

Blood pyruvic acid was determined on 22 such 
individuals. The figures ranged from 0.54 to 
1.27 mgm. per cent (average 0.99). In 13 of 
these individuals, the spinal fluid pyruvate ranged 
from 0.60 to 1.26 mgm. per cent (average 0.96). 


(E) Psychiatric disorders with no objective 
evidence of nutritional deficiency 

Determinations were done on the following: 


Diagnostic grouping 


Blood Spinai fluid 
Number Number 
of cases of cases 


Schizophrenia 

Manic-depressive (depressed) 

Involutional melancholia 
Reactive depression 
Behavior disorders in children 
Behavior disorders associated with mental 
deficiency 

Psychopathic personality 
Psychoneurosis 
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All figures in these groups fell within the nor- 
mal range. The blood figures varied from 0.70 to 
129 mgm. per cent; the spinal fluid from 0.42 to 
122 mgm. per cent. 

(F) Medical disorders (jno febrile reaction) 
Determinations were done on the following: 


Blood Spinal fluid 


Number Number 
Diasnwis of cases of cases 


Geneialized arteriosclerosis 16 4 

Hypertensive vascular disease 14 0 

Diabetes mellitus 1 1 0 

Central nervous sj’stem s3’philis 10 5 

Mild cardiac failure (not agitated or 10 0 

dyspneic) 

Chronic diffuse glomerulonephritis 4 0 

Paroxysmal convmlsive disorder 3 3 

Pellagrous stomatitis (non-alcoholic) 2 0 

Cirrhosis of liver 2 0 

Pernicious anemia 2 0 

Bronchial asthma 2 0 

Suljmersion (aspiration pneumonia) 2 0 

Primary brain tumor 0 2 


In addition, we studied the blood pyruvic acid 
in one case each of congenital cerebral aneurysm, 
generalized syphilis, hyperthyroidism, birth injury, 
arthritis, cor pulmonale, drug addiction, insulin 
coma, lysol poisonihg, arsenical poisoning, bro- 
mide poisoning, barbiturate poisoning, carcinoma 
of the prostate, bronchopneumonia, lead neuro- 
pathy, Little’s disease, congenital aphasia, multiple 
sclerosis, spinal cord tumor, cortical atroph)!^, 
meningo-encephalitis of undetermined etiology. 
Spinal fluid pyruvate was determined in one case 
each of hyperthyroidism, Little’s disease, and ar- 
senical poisoning. The figures in the blood and 
cerebrospinal fluid were normal in eveiy instance 
but one. This was a case of lymphoepithelioma 
of the phaiynx rvith associated cachexia. Blood 
pyruvic acid in this case was 2.32 mgm. per cent. 
Determination of vitamin in the blood yielded 
an abnormally low figure (1.82 gamma). 

Mention must also be made of a paper by Yanof 
(18) who reports blood pyruvate levels of 3 mgm. 



Fig. 2 . Spinal Fluid Pykuvic' Acid 

A. “Acute” peripheral neuropathy 

B. Chronic peripheral neuropathy 

C. Chronic alcohoUcs with no objective evidence of nutritional defidency 

D. Psychiatric disorders 

E. Medical disorders (no febrile reaction) 

F. Fever 
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per cent in cases of decompensated heart disease. 
These figures may be the result of (1) agitation 
and increased muscular activity and (2) glycolysis 
following hypoxemia. That the elevated figures 
obtained by the author are not invariably associ- 
ated with cardiac decompensation as such is evi- 
denced by our findings in 10 non-agitated cases of 
mild cardiac failure. 

(G) Fever 

These cases represent a very heterogeneous 
grouping, the common factor being an elevation 
of temperature of varying degree and duration. 
They include cases of meningitis, pneumonia, 
carbon-monoxide poisoning, cerebral accidents, 
therapeutic malaria, erysipelas, etc. Thirty-five 
blood determinations were done, of which 22 were 
above the accepted normal (1.30 mgm. per cent). 
In 6 instances, spinal fluid pyruvate determinations 
were done, and in 4 of these the figures were defi- 
nitely elevated. 

DISCUSSION 

It will be noted that two groups of cases showed 
an abnormal elevation of blood and spinal fluid 
pyruvates: (o) those associated with nutritional 
deficiency (45 cases of “acute” peripheral neuro- 
pathy and 1 case of lymphoepithelioma with asso- 
ciated cachexia), and (&) 22 cases associated with 
an elevation in temperature. The first group is 
readily explained by the fact that thiamin, or more 
particularly thiamin pyrophosphate, is necessary 
for the normal catabolism of pyruvic acid. Since 
it is now generally accepted that the “acute” pe- 
ripheral neuropathy of alcohol addicts is associ- 
ated with a deficiency of thiamin, this defect in 
pyruvic acid metabolism becomes readily under- 
standable (4). In addition, we have presented 
evidence suggesting that pyruvic acid is a normal 
intermediary of carbohydrate catabolism in man 
(2, 14). In normal individuals, there is a signifi- 
cant rise of pyruvic acid after the ingestion of glu- 
cose, reaching a maximum at the end of the first 
hour and returning to normal within three hours 
(19). In 14 cases of “acute” peripheral neuro- 
pathy, the pyruvic acid curve following glucose 
ingestion was abnormally elevated and prolonged 
( 14) . The maximum rise in blood pyruvate was 
not only greater than that seen in normal indi- 


viduals, but the elevation above the fasting level 
was maintained for a period of at least four hours. 
Furthermore, the maximum rise did not occur at 
the end of the first hour, as seen in normals, but 
the pyruvate continued to rise in every instance, 
and maximal figures were obtained at the end of 
the second, third or fourth hours. In addition, 
we have observed that thiamin therapy, alone or 
in conjunction with other members of the vitamin 
B complex, corrects this defect in pyruvic acid 
metabolism (20). 

On the other hand, we have noted hyperpyru- 
vemia in 22 cases of hyperpyrexia unassociated 
with any clinical evidence of vitamin deficiency. 
In these cases it may be that the elevation in total 
metabolism so increases the thiamin requirements 
that a deficiency occurs with resultant hyperpyru- 
vemia. On the other hand, it should be noted that 
none of these cases had peripheral neuropathy. 
This suggests that either the metabolic disturbance 
must exist for some time before peripheral neuro- 
pathy occurs or that hyperpyruvemia may be re- 
lated to metabolic disturbances other than thiamin 
deficiency (21). This subject is now under 
investigation. 

We also wish to emphasize that a normal fasting 
pyruvic acid may not be an invariable evidence of 
thiamin adequacy. In 1 case of “acute” peripheral 
neuropathy and 2 cases of “chronic” peripheral 
neuropathy with normal fasting blood pyruvate, 
we have observed an abnormal pyruvate curve fol- 
lowing glucose ingestion. This suggests that the 
pyruvic acid curve following glucose ingestion may 
prove to be a more sensitive index of thiamin 
adequacy than the fasting blood pyruvic acid level. 

SUMMARY AND CONCLUSIONS 

1. Normal fasting pyruvic acid levels are re- 
ported in the blood and spinal fluid in cases o 
“chronic” peripheral neuropathy, chronic alcohol 
ism without objective evidence of nutritional de- 
ficiency, various psychiatric and medical disorders 

and certain cases of hyperpyrexia. 

2. Hyperpyruvemia has been noted in cases ot 
“acute” peripheral neuropathy, and in about two- 
thirds of the cases associated with hyperpyrexia. 

3. The possible clinical significance of pyruvic 
acid determinations in the blood and spinal flui is 
discussed. 
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A pathologic increase in the amount of por- 
phjTin excreted in the urine by patients with lead 
poisoning was first reported by Garrod (1) in 
1892. Since then it has been generally assumed 
that this porphyrinuria is related in some way to 
the destruction of hemoglobin. Until recently 
there has been no means of testing the validity 
of this belief. Lately, however, the advance in 
knowledge concerning the chemistry of the por- 
phyrins, and the development of methods for dis- 
tinguishing one type from another, have provided 
a new approach towards an understanding of the 
underlying metabolic disorder responsible for the 
porphyrinuria of plumbism. 

The isomeric identity of the Type III copro- 
porphyrin found in the urine in lead poisoning 
wth the Type III protoporphyrin of hemoglobin 
has been demonstrated by (Srotepass (2) and by 
Watson (3). The porphyrin in the urine in lead 
poisoning thus fundamentally differs from the 
Type I isomer which is the predominant type ex- 
creted in several other conditions associated with 
porphyrinuria. These facts justify the assump- 
tion that the porphyrinuria in lead poisoning is a 
consequence of some alteration in the metabolism 
of hemoglobin itself. In theory, it might originate 
from an altered synthesis of hemoglobin just as 
probably as from hemoglobin destruction ; but 
owing to the traditional belief that the anemia in 
lead poisoning is hemolytic in nature, only the 
latter possibility has received any general attention 
until recently. The hypothesis that the copro- 
porphyrin excreted in lead poisoning is a product 
of hemoglobin destruction requires, however, an 
additional corollary. In pathologic conditions as- 

^ The expenses of this investigation were defrayed in 
part by the J. K. Lilly gift to the Harvard Medical School. 

^Rockefeller Travelling Fellow; Research Fellow in 
Medicine, Harvard Medical School; Research Fellow, 
Thorndike Memorial Laboratory, Boston City Hospital. 

® Instructor and Francis Weld Peabody Fellow in 
Medicine, Harvard Medical School; Research Fellow, 
Thorndike Memorial Laboratory, Boston City Hospital. 


sociated twth excessive hemoglobin destruction, 
the breakdown products are eliminated in the bile 
in the normal manner without any large increase 
in the amount of Type III porphyrin excreted in 
the urine. Therefore, if the increased output of 
coproporphyrin in lead poisoning is conceived to 
be on the basis of increased destruction of hemo- 
globin, it is necessary to postulate that one effect 
of lead is to cause a partial interference in the 
pathway by which hemoglobin is normally broken 
down to bilirubin. Thus, it must be assumed that 
part of the destroyed blood pigment is diverted 
from the bile and appears in the urine with its 
original ring structure still intact. 

In view of these considerations, it seemed of 
interest to study the mechanism of hemoglobin 
destruction in patients with lead poisoning. Evi- 
dence of some defect in this process would lend 
support to the hypothesis that the porphyrin ap- 
pearing in the urine in this condition is derived 
from the breakdown of hemoglobin. On the other 
hand, failure to obtain such evidence would fur- 
nish additional support for the more recent theory 
that this porphyrinuria is a consequence of defec- 
tive hemoglobin synthesis. 

The experiments described in this paper were 
carried out on two patients suffering from lead 
poisoning with anemia and porphyrinuria. An at- 
tempt was made to trace the path of hemoglobin 
destruction in these patients by observing the effect 
of injected hemoglobin on the production of bili- 
rubin and on the excretion of coproporphyrin and 
urobilinogen in the urine and feces. 

METHODS AND MATERIAL 

During the period of investigation the patients were 
confined to bed and, in order to reduce the possibility of 
dietary porphyrins contributing to the estimated porphyrin 
excretion, partook of a meat, fish, and egg-free diet. All 
urine and feces were collected in dark glass containers 
and kept in an icebox with toluol as a preservative. In 
successive 24-hour specimens of urine the coproporphyrin 
was measured by a modification of the method of Brugsch 
and Keys (4) previously described by us (5). The fecal 
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coproporphyrin excretion was measured on aliquots from 
successive 3-day accumulations of the stools by a modi- 
fication of the same method which is described in detail 
below. The urobilinogen excreted in the urine and feces 
was estimated by Watson’s (6) method. Plasma and 
urinary hemoglobin were estimated by Bing and Baker’s 
(7) modification of Wu’s method; and plasma bilirubin 
by Barron’s (9) method. Hemoglobin solutions were 
prepared for intravenous injection by the method of 
Ottenberg and Fox (8). 

The estimation of ether-soluble porphyrin in the feces 

The 3-day collection of feces is weighed as collected 
and transferred to the beaker of an electric mixer. The 
large lumps are broken down with a glass stirring rod, 
and water is gradually stirred in to bring the volume to 
a given amount (usually 1000 ml.). The feces and 
water are thoroughly mixed into a paste by means of 
an electric stirrer and a measured volume, equivalent to 
10 grams of the original weight of the stool, is taken out 
with a measuring' cylinder and transferred to a mortar. 
The paste is then repeatedly ground up with 1 to 2 ml. 
glacial acetic acid and 20 to 40 ml. of ether. The acetic 
acid-ether extracts are decanted into a brown half-liter 
bottle and, finally, when no more color can be extracted 
from the stool by the acetic acid-ether mixture, the stool 
is also added to the contents of the bottle. The bottle is 
then shaken on a machine for 2 hours. The acetic acid- 
ether and feces mixture is filtered. The residue on the 
filter paper is mixed with more acetic acid, further 
ether is added and the filtration repeated. The two fil- 
trates are then combined. 

The total acetic acid-ether extract is washed six times 
with water in a separatory funnel, drained and extracted 
three times on the rotary machine with 10 ml. lots of 
5 per cent HCl solution. A final extraction is made 
with 10 ml, of 10 per cent HCl. The HCl extracts are 
combined and neutralized to Congo red by the addition 
of sodium acetate crystals. The neutral solution is re- 
peatedly extracted with 10 ml. amounts of acetic acid and 
100 ml. amounts of ether until there is no red fluorescence 
visible in the acetic acid-ether layer when examined by 
ultraviolet light. 

The acetic acid-ether extracts are combined, washed six 
times with water, drained and reextracted with 5 per cent 
and 10 per cent HCl as previously. This whole pro- 
cedure is repeated three times but during the final HCl 
extraction only 5 per cent HCl is used. 

The combined 5 per cent HCl extracts are now shaken 
repeatedly with S ml. chloroform until the chloroform 
layer shows no red fluorescence when held in front of 
the ultra-violet lamp. The acid fraction is now diluted 
to 0.05 per cent HCl by the addition of distilled water 
and again repeatedly extracted with 5 ml. amounts of 
chloroform. These steps are introduced to remove any 
protoporphyrin which may be present. The 0.05 per cent 
HCl extract is then made neutral to Congo red by the 
addition of" sodium acetate crystals and the neutral solu- 
tion repeatedly extracted with acetic acid and ether as 


previously. The combined acetic acid-ether extracts are 
washed, drained and reextracted with 5 ml. amounts of 
5 per cent HCl. The combined HCl extracts are made 
up to a suitable volume and read in the same manner as 
the final HCl extracts obtained from the urine. The per 
diem excretion of porphyrin in the feces can be calcu- 
lated by using the following equation: 

Total weight of 3-day Final volume of The reading in 

collection of feces HCl extract micrograms 

X X 

10 Volume of HCl 3 

extract used for 
reading against 
standard 

= daily excretion of porphyrin in micrograms. 

By this method the excretion of porphyrin in normal 
individuals varied from 80 to 280 micrograms per diem. 

The two patients selected for study each pos- 
sessed the characteristic features of lead poisoning. 

Case 1. Case 1 was a 24-year-old white male who 
had been emploj'ed in polishing soldered metal surfaces. 
He was admitted to the hospital following an attack of 
colic and complained of weakness, nervousness and con- 
stipation. His gums showed a well-marked lead line, but 
there was no evidence of neuritis. His hemoglobin was 
54 per cent (Sahli), red blood cells 2.73 million per 
cubic millimeter, hematocrit 25 per cent, reticulocytes 9.6 
per cent with 1 or 2 stippled cells visible in each high 
powered field. The blood lead was 0.007 mgm. per 10 
grams of blood (normal 0.002 mgm.).^ 

During his stay in the hospital, the urine was con- 
sistently normal in color, yet contained about 1000 micro- 
grams of coproporphyrin in each 24-hour collection (Fig- 
ure 1 ) . The normal urinary excretion of coproporphyrin, 
as measured by the method employed, usually ranges be- 
tween 20 and 40 micrograms, and rarely exceeds 9 
micrograms in 24 hours. The daily fecal coproporphyria 
excretion of Case 1 averaged about 200 micrograms. 
The urine never contained more than a trace of urobi i 
nogen, and the fecal excretion of urobilinogen was always 
within normal limits. 

It is interesting to note that the urinary excre 
tion of coproporphyrin was unaffected by the ad 
ministration of 500 mgm. of nicotinic acid or o 
5 U.S.P. units of liver extract daily for 12 days 
(Figure 1). This therapy was administered m 
view of a published report (10) which claims that 
nicotinic acid reduces the porphyrinuria in ea 
poisoning. 

^The blood lead determination was very kindly 
formed by Dr. A. J. Plummer of the Evans Memoria 

Hospital. 
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Fig. 1. Case 1. Excretion of Coproporphyrin in Urine and Feces, and 
Fecal Excretion of Urobilinogen Before and After Two Injections of 
About 7.S and 19 Grams of Hemoglobin, Respectively 


Case 2. Case 2 was a 40-year-old colored male lead 
smelter. He had been suffering from colic prior to 
admission and was constipated, nervous and “shaky.” A 
definite lead line was present in the gums. No evidence 
oI neuritis was noted. The hemoglobin was 60 per cent 
(Sahli), red blood cells 3.9 million per cubic millimeter, 
hematocrit 38 per cent, reticulocytes 6.7 per cent, stippled 
cells 1.8 per cent. 

The urine was normal in color ® throughout his stay 
m the hospital but contained an average of 1200 micro- 
grams of coproporphyrin in each 24-hour collection (Fig- 
ure 2). The urinary excretion of urobilinogen varied 
from a trace to 4 mgm. a day. The amount of copro- 

•' We wish to emphasize that in both the cases reported 
here the urine was entirely normal in appearance despite 
Its abnormal content of porphyrin. It is evident that the 
port wine coloration, traditionally associated with por- 
phyrinuria, is not found in lead poisoning owing to the 
absence of other associated pigments which are usually 
present where the urine contains excessive amounts of 
porphyrin. This question will be discussed more fully 
'n a later communication. 


porphyrin in the feces was at first somewhat increased, 
averaging 450 micrograms a day for the first 9 days, but 
later fell to within normal limits. The excretion of 
urobilinogen in the feces was always within the limits 
of normal. 


After a suitable control period in each case, solu- 
tions of hemoglobin were injected intravenously 
during a period of 30 minutes. 

Case 1. In the first test, about 7.5 grams of 
hemoglobin derived from 50 ml. of normal blood 
were injected. This amount of hemoglobin if 
totally destroyed, would yield theoretically about 
250 mgm. of protoporphyrin. Following the in- 
jection, hemoglobin was detectable in the plasma 
and reaped a peak of 55 mgm. per cent after one 

from a control 

leva! o( 0.38 to a peak ot 0.70 per cent in 4 hoore. 
There teas, therefore, a maximum increase of 0.32 
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Fig. 2. Case 2. Excretion of Coproporphyrin in Urine and Feces, and Fecal 
Excretion of Urobilinogen Before and After an Injection of About 7.9 Grams 
of Hemoglobin 


mgm. of bilirubin per 100 ml. of plasma. Assum- 
ing the blood volume to have been approximately 
5 liters, with the observed cell volume 25 per cent, 
about 12 mgm, of bilirubin derived from the in- 
jected hemoglobin must have been present in the 
circulating blood stream during the height of its 
production. It is fair to assume, therefore, that 
at least this amount of the 250 mgm. of proto- 
porphyrin present in the injected hemoglobin was 
converted to bilirubin ; yet none appeared as addi- 
tional coproporphyrin in the urine. The urinary 
excretion of coproporphyrin was not increased 
even by 100 micrograms, an amount that would 
certainly have been detected by the method of es- 
timation employed. 

The fecal excretion of urobilinogen and copro- 
porphyrin remained unchanged during the test 
(Figure 1) as did the urinary excretion of uro- 
bilinogen. 

The second test on Case 1 was even more de- 
finitive, About 19 grams of hemoglobin derived 


from 125 ml. of normal blood and equivalent to 
630 mgm. of protoporphyrin were injected intra- 
venously. The maximum increase in plasma bili- 
rubin following the injection was 2.8 mgm. per 
100 ml. of plasma (Figure 3), from which the 
calculated maximum quantity of circulating bili- 
rubin derived from the injected hemoglobin was 
about 100 mgm. However, as will be seen from 


Figures 1 and 3, the urinary excretion of copro- 
porphyrin remained at a level of approximately 
500 micrograms per 24 hours. 

It is of interest that, in this test, the injection 
ivas followed by the excretion of 0.47 mgm. of 
iiemoglobin in the urine, and in the 24 hours fol- 
dwing the injection 7 mgm. of urobilinogen ap- 
oeared in the urine. 

As a control to these experiments, the levels of 
plasma bilirubin and urinary coproporphyrin ex- 
iretion were measured over a previous 24-hour pe- 
-iod. As may be seen in Figure 4, their levels did 
lot fluctuate markedly. 
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Fig. 3 . Case 1 . Plasma Biliritbin and Hemoglobin and Ueinary 
COPP.OPORPHYRIN AND HEMOGLOBIN FoLLOIVING THE InTKAVENOUS ADMINIS- 
TRATION OF About 19 Grams of Hemoglobin 


Case 2. About 7.9 grams of hemoglobin de- 
rived from 100 ml, of the patient’s own blood were 
injected. The amount of protoporphyrin which 
would be liberated if all this hemoglobin were 
broken down is about 260 mgm. Following the 
injection, the plasma bilirubin showed a maximum 
increase of 1.1 mgm. per cent (Figure 5). The 
red blood cell volume was 38 per cent and, assum- 
ing again that the blood volume was approximately 
5 liters, 33 mgm. of bilirubin derived from the 
injected hemoglobin may be assumed to have been 
circulating in the blood stream at this time. The 
urinary, excretion of coproporphyrin during the 
test is recorded in Figures 2 and 5. It will be seen 
that no variations, even of the order of 100 micro- 
grams, were observable in the 24-hour amount 
excreted. 

There was no significant change in the fecal ex- 
cretion of urobilinogen or coproporphyrin (Figure 
though 0,8 mgm. of hemoglobin appeared in 


the urine shortly after the injection and 14 mgm. 
of urobilinogen was excreted in the urine during 
the succeeding 24 hours. 

DISCUSSION 

In both these patients the introduction of free 
hemoglobin into the blood stream was followed 
by a rapid rise in plasma bilirubin. This rise in 
bilirubin resembles very' closely both in degree and 
time of onset the bilirubinemia observed by Gilli- 
gan et al. (11) in normal subjects under the same 
conditions. It is evident, therefore, that these 
two patients were able to convert hemoglobin to 
bilirubin without evidence of impairment of this 
process. Nevertheless, the transient increase in 
hemoglobin destruction produced by this experi- 
mental means resulted in no appreciable alteration 
in the amount of coproporphyrin excreted in the 
urine or feces, although the amount of hemoglobin 
injected M-as presumably sufficient to have pro- 
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Fig. 4. Case 1. Plasma Bilirubin and Urinary Coproporphyrin 
During a 24-Hour Control Period 


duced a definite rise in porphyrin excretion if any 
significant part of it had been eliminated in this 
form. These results suggest that there is no ob- 
vious defect in the mechanism of hemoglobin de- 
struction in lead poisoning, and consequently that 
the porphyrinuria characteristic of this condition 
cannot be explained on the basis of such a defect 
occurring as a result of increased destruction of 
red blood cells. 

A possible objection to this conclusion is the fact 
that these experiments did not succeed in demon- 
strating the ultimate fate of the injected hemo- 
globin. Though it was not excreted as porphy- 
rin, it did not appear as an increase in fecal 
urobilinogen as might have been expected. How- 
ever, it seems certain that at least some part of the 
hemoglobin was broken down, as judged by the 
consistent appearance of bilirubin in the plasma 
after each injection of hemoglobin, and the tran- 
sient increase in urobilinogen in the urine in two 
instances. If a defect in hemoglobin breakdown 
was responsible for the increased porphyrin ex- 
cretion before the injection of hemoglobin, one 


would have expected that at least a few additional 
milligrams of porphyrin would have appeared in 
the urine or feces as a result of the hemoglobin 
injections. However, no detectable alteration in 
porphyrin excretion was observed. The lack of 
increase in the fecal excretion of urobilinogen 
following the injection of hemoglobin was prob- 
ably due to the conservation of bilirubin within 
the body. A similar discrepancy between the 
amount of hemoglobin destroyed and the excretion 
of its waste products in the bile has been note 
by other authors (12). 

It is logical to conclude that in plumbism tie 
porphyrin excreted in the urine is not derive 
from any abnormal destruction of red blood cells, 
but is more probably a result of defective synthesis 
of hemoglobin. This conclusion is in agreement 
with the views recently expressed by Watson (m) 
and by Rimington ( 14) . Watson states “It seems 
more likely that the formation of coproporphynn 
III is related to a disturbance in the forrnatiOT o 
hemoglobin rather than to its destruction.” _ 
ington believes that the abnormal excretion o 
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Fig. S. Case 2. Plasma Bilirubin and Urinary Excretion of Co- 

PROPORPHYRIN AND HEMOGLOBIN FOLLOWING THE INTRAVENOUS ADMINIS- 
TRATION OF About 7.9 Grams of Hemoglobin 


coproporphyrin III results from partial block by 
toxic substances of the entrance of iron into the 
porphyrin ring and consequent defective synthesis 
of hemoglobin. 

In view of this evidence it seems pertinent to 
reconsider the traditional belief that the anemia 
of lead poisoning is hemolytic in nature, and to 
inquire whether there is a possibility that defective 
hemoglobin synthesis may play a part in its pro- 
duction. The traditional hypothesis is supported 
hy the following evidence. Aub, Reznikoff and 
Smith (15) clearly showed that if lead salts are 
added to normal blood the red cells shrink and 
seem to become more brittle, with resulting “frac- 
tionation” and escape of hemoglobin. Key (16) 
has produced a marked anemia in rabbits following 
the administration of lead salts, resulting in the 
loss of over one million red blood cells per cubic 
millimeter in 24 hours. Furthermore, the anemia 
of lead poisoning in man is accompanied by an 


apparent reticulocytosis comparable to the reticulo- 
cytosis occurring in hemolytic jaundice; it is pos- 
sible, however, that this reticulocytosis may be of 
a “spurious” type such as occurs in cases of per- 
nicious anemia treated with arsenic. 

Against the hemolytic hypothesis it may be said 
that, although Aub and his collaborators showed 
that hemolysis may be caused by the addition of 
lead salts to blood in vitro, the amount of lead 
employed to produce this effect was very much 
more than is usually present in the blood in chronic 
lead poisoning. Thus, although their results may 
well explain the acute anemia produced in rabbits 
liy it is doubtful whether they furnish an 
explanation of the anemia in chronic lead 
poisoning. 

As Watson (13) has pointed out, the anemia in 
human lead poisoning is usually associated with a 
color index below 1.0, and by a reduced mean cor- 
puscular hemoglobin concentration. This sug- 
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gests a disturbance or retardation in the formation 
of hemoglobin. Moreover, as he (17) has shown, 
the excretion of urobilinogen in the feces is not 
increased as in other hemolytic conditions. This 
observation is confirmed by the results reported 
in the present communication. It must be con- 
cluded that, while the anemia produced by acute 
lead poisoning in rabbits is apparently hemolytic 
in nature, the evidence is against the view that the 
anemia commonly observed in chronic human lead 
poisoning can be explained on the same basis. 

It is pertinent now to consider the possible origin 
of the coproporphyrin found in the urine in lead 
poisoning. Watson and Clarke (18) have lately 
shown that reticulocytes contain a considerable 
amount of protoporphyrin, and have suggested 
that this protoporphyrin is the material responsible 
for the reticulum in these cells. It is tempting to 
suggest that the characteristic appearance of the 
stippled cells found in the blood in lead poisoning 
is also due to a porphyrin, though of sufficiently 
different composition to modify its morphologic 
appearance. As pointed out above, there is evi- 
dence that the synthesis of hemoglobin is impaired 
in lead poisoning. The appearance of stippling 
in the red cells may therefore be an expression of 
an arrest in the maturation of hemoglobin and 
consequent accumulation of porphyrin products 
within the cells. It seems likely that, when the 
stippled cells are ultimately destroyed, this material 
would be liberated and, being an abnormal me- 
tabolite, might be excreted in an abnormal manner. 
This, therefore, might well account for at least 
some part of the larger amount of coproporphyrin 
III appearing in the urine. In support of this 
view, the observations of Thomas (19) may be 
mentioned. He has pointed out that, whereas 
hemoglobin injected into animals is excreted as 
bile pigments, injected hematin is recovered as 
porphyrin in the urine. 

Whatever the ultimate explanation of porphyrin- 
uria in lead poisoning, we believe that it is at 
least very intimately related to the same metabolic 
disturbance that gives rise to the stippling in the 
red blood corpuscles. This belief is borne out by 
some unpublished observations in which we found 
that, in a group of fourteen lead workers with 
porphyrinuria, the majority also showed the pres- 
ence of stippled cells in the blood. 


SUMMARY AND CONCLUSIONS 

Solutions of hemoglobin were injected into two 
subjects with lead poisoning, anemia and porphyri-, 
nuria. The injection was followed by a rise in 
plasma bilirubin resembling closely both in degree 
and time of onset the bilirubinemia which has been 
observed (11) in normal subjects under com- 
parable conditions. It was also accompanied by 
transient increase in urinary urobilinogen excre- 
tion. The injection resulted in no detectable in- 
crease in the excretion of coproporphyrin either 
in the urine or feces. 

These results failed to demonstrate any inter- 
ruption in the path by which hemoglobin is de- 
stroyed in the body. It is, therefore, concluded 
that the porphyrinuria occurring in lead poisoning 
cannot be explained on this basis. 

The relation of these findings to the problem of 
the causation of anemia in lead poisoning is dis- 
cussed. It is concluded that they lend support to 
the view that this anemia is dyshematopoietic 
rather than hemolytic in nature. 

We wish to express our grateful thanks to Miss Con- 
stance Brooks who performed the bilirubin and hemo- 
globin estimations, and to Frank P. Cohen, M.S., for his 
valuable assistance in carrying out quantitative deter- 
minations of porphyrin and urobilinogen. We also wish 
to thank Dr, Dorothy Rourke Gilligan for her advice on 
the procedure for injecting hemoglobin. 
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The acid-base balance of young children is 
known to be easily upset (1, 2) and that of full- 
term new-born infants clianges with slight \’aria- 
tions in diet (3, 4). Premature infants are con- 
sidered to be even more labile, but data are few. 
The s}Tnptoms of acidosis in prematures, such as 
h)-perpnea, etc., may resemble those of older chil- 
dren, but often the condition may not be recog- 
nized clinically because sluggishness and refusal of 
feedings are the onl}" signs. However, only those 
displaying hyperpnea were classified as acidotic 
for purposes of comparison in this paper. In 
order to obtain more data and to investigate the 
cause of their frequent acidosis, the acid-base bal- 
ance was studied in seventeen premature infants 
whose birth weight was less than 2250 grams. 
Clinical aspects of these cases are discussed else- 
where (5). 

MATERIAL AND METHODS 


for the immediate acid change (7). Urine pH was 
measured with glass macro-electrodes. 

Carbon dioxide content of plasma was determined in 
the Van Slyke manometric apparatus (8). Phosphorus 
in the blood was determined by the method of Kuttner 
and Lichtenstein (9), and in urine by that of Youngburg 
and Youngburg (10). Plasma proteins were determined 
by the direct nesslerization method of Wong (11) and 
read in the Evelyn photoelectric colorimeter. 

Total organic acids in plasma were calculated by sub- 
traction of the total anion content from the total base, 
expressed as milliequivalents per liter. For this purpose, 
sulfates were assumed to account for two milliequivalents 
per liter. Total organic acids in urine were determined 
by the method of Greenwald (12) adapted for titration 
with the glass electrode. Lactic acid in blood was deter- 
mined by the method of Elgart and Harris (13), and in 
urine by that of Friedemann, Cotonio and Shaffer (14). 

RESULTS AND DISCUSSION 

Table I lists the findings on the blood of fifteen 
premature infants when all clinical signs indicated 


Alternate patients were fed dilute Olac or equal parts 
of es'aporated milk and water with the addition of 7)^ 
per cent cane sugar in amounts supplying 120 calories per 
kilo per day. All patients received 25 mgm. ascorbic 
acid dail 5 ’ after the thirteenth day, and 10 drops of oleum 
perMmorphum daily after the twentieth day of life. 
Patients with clinical signs of acidosis were treated with 
M/6 sodium lactate parenterally, 60 cc. per kilo body 
weight 

Blood was drawn under oil with heparin as anti- 
coagulant. Single specimens of urine were taken in test 
tubes; twenty-four-hour specimens were collected from 
'Bales to whom funnels were strapped with tubing ex- 
tending to urine receptacles containing toluene. In nor- 
^1 infants blood was drawn halfway through the twenty- 
four-hour urine collection. 

Total base and chlorides of urine and blood were 
ctermined by electrodialysis (6). Formol titration of 
urinary cation mixture measured the ammonia. These 
were checked by the method of Folin and Bell 

(ob). 

Blood pH was measured in glass micro-electrodes, and 
_ ^ results were corrected by -F 0.05 pH to compensate 

^ ^^csented in part by title at the meeting of the Ameri- 
v” ^°'^icty for Clinical Investigation in Atlantic City, 
^cw Jersey, May 6, 1941. 


TABLE 1 

Premature infants in good condition 
Determinations on blood plasma in m.eq. per liter 


Patient 


Num- 

ber 


A44733 

A45677 

A46in 

A4«353 

A46383 

A48228 

A49S34 

A49793 

A50429 

A53370 

A5337I 

A53019 

AS2S08 

A52454 

A529W 


Sex 


Birth 

weight! 


grams 

1275 

1905 

I960 

1675 

1725 

1420 

1945 

1700 

2010 

1700 

1540 

1950 

2200 

2235 

1300 


Age 


days 

58 

40 

30 

20 

50 

42 

18 

42 

16 

34 

22 

39 

16 

26 

3 

3 

11 

23 

19 

36 


Average 


pH 


7.28] 

7.42 

7.32 

7.36i 

7.34, 

733 
737 
731 
732’ 

734 
733 
7.45 


733 


Total 

base 


160 

153 
155 
160 
151 
160 

148 
163 

159 
151 

160 

151 

149 
160 

154 

152 

155 

156 
163 


156 


COs 

con- 

tent 


143 

183 

203 

153 

183 

16.6 

18.7 
16.0 

13.8 
16.0 
133 
14.1 

13.6 

15.9 
223 

14.0 

16.0 
21.0 
16.0 

24.7 


16.8 


Cl 


102 

X06| 

108 

103 
101 
104i 
105 

104 
106i 
104; 

103! 

104 

101 

104 
200 ] 
103 
104! 

105 
97 


POi' 


3.6 

3.6 

3.8 

4.9 
43 
33 
4.0 
33 
43 
43 

3.9 
33 
53 

3.9 
4.4 
43 
4.4 
43 
33 


103 4.1 


Base- 

binding] 

power 

of 

protein! 


{12.4)»i 

(12.4) 

(12.4) 

(12.4) 

(12.4) 

(12.4) 

(12.4) 

(12.4) 

(12.4) 

11.8 

12.4 
(12.4) 

12.0 

14.1 
13J 

10.5 

12.1 
lOJ 

13.6 


12.4 


Or- 

ganic 

addf 

(calcu- 

lated) 


25.5 
10.8 

8J 

22.4 
12.8 
21.2 

6.0 

23.0 

20.6 

13.0 

24.6 

14.0 

12.9 

13.7 
20.3 
16.2 

21.5 

17.9 

22.8 


17.8 


F^r^ m parenth^ are averages discussed in text. 

culation ^ ^^er of plasma for 

cuiation of organic aad content. 
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a satisfactory condition. All of them had total 
base and chlorides within the limits of normal. 
Plasma phosphates were high, as is usual in in- 
fants, Prematures with clinical evidence of acido- 
sis (hyperpnea, etc.) were also normal in these 
respects (Table II). 


TABLE II 

Clinically acidotic prematures 
Determinations on blood plasma in m, eq. per liter 


Patient 

Age 

pH 

Total 

base 

COj 

con- 

tent 

Cl 

PO. 

Base- 
binding 
power of 
protein 

Organic 

acid 

(calcu- 

lated)* 

Number 

Sex 



days 





1 



A44733 

F 

62 


ISO 

9 

99 

4.6 

(12.4)t 

23 

A46353 

M 

44 



11 



(12.4) 


A46383 

M 

37 


154 

13.5 

96 

3.7 

(12.4) 

28 

A52808 

M 

12 

7.31 

155 

16 

103 

4.2 

12.9 

16.5 

A52454 

M 

14 

7.26 

149 

11 

107 

4.8 

12.6 

11.6 

A4S227 

M 

13 


160 

10 

108 

5.0 

(12.4) 

22.6 

AS242S 

F 

45 

7.24 

160 

14.1 

103 

3.5 

13.6 

23.7 


* SO 4 is again assumed to be 2 m.eq. per liter, 
t Figures in parentheses are averages discussed in text. 


The carbon dioxide content of the plasma was 
uniformly low. Patient AS2940, who had a car- 
bon dioxide content of 24.7 milliequivalents per 
liter, had received 4.0 cc. of 1.0 molar sodium lac- 
tate orally every eight hours for four days pre- 
ceding the determinations. The blood pH roughly 
parallels the carbon dioxide content. Hyperpneic 
prematures had slightly lower levels, but the dis- 
tinction was not sharp. The highest carbon diox- 
ide content of the acidotic group, 16.0 milliequiva- 
lents per liter, was well above the lowest in the 
thriving group, yet the latter progressed satis- 
factorily without respiratory or feeding irregular- 
ity, and without prophylaxis against acidosis. 

The plasma proteins of the last nine infants in 
the normal series were determined simultaneously 
with the other tests. For the first six, a figure of 
12.4 milliequivalents per liter was assumed, this 
being the average value from more than thirty 
determinations on the later infants, and on other 
prematures not in the series. Patients A46111 
and A48228 were slightly edematous at the time 
of sampling, so that this figure is probably too 
high in their cases. There was no remarkable dif- 
ference between the well and acidotic infants on 
this score. 

The calculated organic acid contents of the 
plasma indicated an amount two to four times the 


amount considered normal for older patients. 
They varied inversely as the carbon dioxide con- 
tent, and were only slightly higher in the acidotic 
than in the clinically well infants. Figure 1 is il- 


TABLE III 

Premature infants in good condition 
Determinations on urine in m.eq. per liter 


Patient 

Age 

pH 

Total 

base 

NHa 

Cl 

Phos- 

phorus 

Tota 

or- 

ganic 

acids 

Urin- 

ary 

lactic 

acid 

Un- 

deter- 

minec 

or- 

ganic 

acids 

Vol- 

ume 

M.eq. 

organic 

acid 

per 

kilo 

bodv 

weight 

per 

day 







grams 




cc. 



dayt 





per 




per Si 








tiler 




hours 


A40353 

60 




54.0 

1.50 




137 


A46383 

42 

7.2 



19.6 

1.80 




62 


A48228 

18 

5.46 



48.6 

0.77 




132 



42 

5.40 

126.0 


48.2 

1.08 




160 


A49S34 

16 

5.10 

138.4 


46.8 

0.67 




160 



34 

5.02 

64.0 

29.0 

35.0 

1.17 

78.0 



155 

4.48 

A4e703 

22 

5.24 

186.7 


70.4 

1.46 




110 



39 

4.96 

100.0 

30.2 

38.0 

1.91 

105.0 



126 

5.29 

A50429 

16 

5.31 

137.0 


29.6 

0.95 




120 



26 

4.90 

66.2 

18.8 

40.0 

1.43 

62.0 



110 

3.14 

A53370 

3 

6.16 

86.5 

17.0 

52.7 

0.33 

20.0 

1.3 

18.7 

126 

1.48 

A53371 

3 

5.18 

154.6 

35.4 

80.0 

0.85 

30.0 

8.8 

21.2 

83 

1.56 

A53019 

11 

5.15 

165.0 

51.0 

85.0 

1.60 

59.4 

11.3 

48,1 

68 

1.96 

A52S08 

23 

6.13 

138.4 

16.1 

57.8 

0.77 

20.0 

2.4 

17.6 

210 

1.38 

A52454 

19 

5.48 

129.0 

37.2 

23.7 

1.19 

33.0 

1.02 

31.98 

180 

1.86 

A52940 

36 

5.52 

173.0 

81.0 

34.0 

0.99 

83.0 






TABLE IV 

Clinically acidotic prematures 
Determinations on urine in m.eq. per liter 








Phos- 

phorus 

Or- 

Lac- 

Patient 

Age 

pH 

Total 

base 

NHj 

Cl 

ganic 

acids 

) tic 

acid 


days 





grams 
per liter 



A44733* 

62 

5.61 



51 

0.48 



After 120 
cc, 1/6 M 
Na Lactate 


5.52 



86 

1.15 



A46353 

44 




46 

0.62 



After 105 
cc. 1/6 M 
Na Lactate 





S3 

1.10 



A46383 

37 

5.28 



26 

0.70 



After 120 
cc. 1/6 M 
Na Lactate 


4.89 



29 

0.91 



A52808 

12 

5.30 

90 

37 

58 

0.70 

[” 22.0 

2.1 

After 75 









cc, 1/6 M 
Na Lactate 


4.94 

184 

86 

44 

2.00 

50.0 

5.4 

A52454 

14 

5.20 

135 

34 

62 

1.23 

32 

11.0 

After 140 
cc. 1/6 Af 

Na Lactate 


4.90 

185 

59 

39 

1.14 

97 

72.0 

A45227 

13 

5.6 



34 

0,98 




A52425 

45 

5.32 

221.7 

107 

64.2 

2.50 

100.0 


After 60 
cc. 1/6 At 

Na Lactate 


4.89 

232.6 

122 

38.4 

2.56 

116.0 



* Died three days after this determination. This was 
the only infant in the series who did not recover promptly- 
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Fig. 1. Diacbaii Compares Average Figures for Total Base 
AND Various Anioks of Plasma of Normal New-born Infants, 
IS Prematupes Who Were Well Clinically, and 6 Prematures in 
Aodosis (Hyperpneic) 

Figures for normal new-born infants were taken from Marples and 
Lippard (3) whose organic acid estimation is probably low. 


lustrative of the anion relations in the blood of 
full-term new-born infants in comparison with 
well and acidotic prematures. 

All twenty-four-hour urine specimens were re- 
markably acid in spite of unavoidable loss of car- 
bonic acid (Table III), Total base, ammonia, 
chloride and phosphorus followed no pattern, but 
It IS worthy of notice that less fixed base is re- 
placed by ammonia than might be expected in such 
acid urine. 

The high calculated values for plasma organic 
adds are supported by the excretion of two to five 
times the normal adult amount per kilo body 
weight (12, 15). Added interest is warranted by 


the absence of the usual ketone bodies from the 
blood and urine of every infant studied. 

When discovered in hyperpnea, an infant was 
strapped^ for a single specimen, and blood for de- 
teiranations was drawn. As soon as the patient 
voided, M/6 sodium lactate was given and the pa- 
tient was strapped for a second specimen. The 
urine of the prematures in clinical acidosis (Table 
IV) was not as add as expected, and it is re- 
markable that, after receiving the sodium lactate, 
the urine beame more add than before. Like- 
wise, ammonia excretion increased proportionately, 
and the amount of phosphates was doubled. Be- 
cause lactate u-as used therapeutically, lactic acid 
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excretion was measured on some of the normal 
and acidotic infants. In the normal infants, it was 
usually low, and amounted at most to 20 per cent 
of the urinary organic acids in one case. Twenty 
normal prematures were found to have blood lactic 
acids varying from 2.7 to 4.2 milliequivalents per 
liter, with an average of 3.5 milliequivalents per 
liter. The increased excretion of organic acids 
after therapy is accounted for largely, though not 
entirely, by lactate. Sodium salts of certain or- 
ganic acids received by infants are known to be 
excreted unchanged (16, 17). Such is probably 
the case here, but since the carbon dioxide content 
of plasma of these infants rises, and since weight 
gain is accelerated for the few days following 
therapy, a portion of the dose may be considered 
metabolized and its cations used to balance other 
anions for storage or excretion. 

While this study was in progress, work was pub- 
lished on the presence of abnormal products of the 
metabolism of tyrosine and phenylalanine in the 
urine of premature infants who had received no 
ascorbic acid (18, 19). All the patients except 
A53370, A53371, and A53019 had been given 25 
mgm. of ascorbic 'acid daily before determinations 
were done, beginning on the fourteenth day of life. 
Determinations were done on the urine of the 
last four patients, and on three other prematures 
not in this series, but no excretion of total hy- 
droxy phenyl compounds was found to be greater 
than 64 mgm. per twenty-four hours, expressed as 
tyrosine (20). 

The low plasma proteins found in these infants 
are probably part of the inefficiency evidenced in 
prematures by their well-known iron deficiency 
and their difficulty in the production of hemo- 
globin. In this connection, the excretion of less 
acid urines during acidosis than after therapy with 
fixed base brings into question the sufficiency of 
the premature kidney. Temporary functional 
renal insufficiency has been reported in cases of 
diabetic acidosis (21) in which azotemia associated 
with reduced renal clearance was rectified by 
restoration of normal acid-base and electrolyte bal- 
ances. In premature infants the renal insuf- 
ficiency is probably functional as well as due to 
immaturity, since after therapy they excrete not 
only a more acid urine, but a higher proportion 
of ammonia for the neutralization of urinary acids. 


Urea clearance and blood nonprotein nitrogen 
studies would help clear up this point. 

The addition of small amounts of fixed base to 
their feedings has been shown to benefit full-term 
new-born infants (4, 22). This is true also of 
prematures, but an increased supply of base seems 
only to facilitate the work of the kidney, not to 
correct the metabolic defect. At present an in- 
vestigation is in progress in this laboratory to 
single out the particular organic acids involved. 
It is hoped that this study may indicate whether 
the entire metabolism of the premature is inefficient 
or whether some particular oxidative mechanism 
is at fault. 

SUMMARY AND CONCLUSIONS 

1. The acid-base balance of seventeen premature 
infants bas been studied. 

2. The plasma content of organic acids of pre- 
mature infants is two to three times as great as 
that of the full-term infant and the adult. Ketone 
bodies are not responsible for this excess of or- 
ganic acids. 

3. Premature infants excrete two to five times 
the normal adult amount of organic acid per kilo 
body weight per day. 

4. Although the electrolyte pattern in the plasma 
differs greatly from that of the term infant, it is 
fairly rigidly maintained and is not appreciably 
altered by alkali therapy. 

5. The organic acid and carbon dioxide contents 
of plasma of clinically acidotic (hyperpneic) pre- 
mature infants differ little from those of infants 
who are clinically thriving. This is taken to indi- 
cate that the premature infant is always on the 
borderline of acidosis. 
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Acute adrenal insufficienc}' is a complex phe- 
nomenon and at least three dysfunctions of body 
economy may accompany its development in hu- 
mans. The disturbances which are intimate!)' as- 
sociated with the pathogenesis of adrenal insuf- 
ficienq' in patients suffering from Addison’s dis- 
ease are ; (a) dissipation of water and sodium with 
retention of potassium, (b) impaired glycogenosis 
from protein, and (c) depression of renal activity. 
The existence of these disorders has been assumed 
from the clinical findings of hyponatremia and 
h)’perproteinemia, hypoglycemia, and azotemia, re- 
spectively. Experimental studies concerning the 
precise dependence or the interdependence of these 
disturbances are not yet conclusive. Whether or 
not the several dysfunctions are interdependent, 
they are partially susceptible to investigation, inde- 
pendently, Thus it is possible to correct tempo- 
rarily the disturbance of electrolyte exchange, 
meanwhile exerting little influence upon impaired 
glyconeogenesis. A clinical example of such an 
independence (1) is seen in patients wth Addi- 
son’s disease who die in hypoglycemic shock with 
a normal concentration of serum sodium. 

Experimental studies recently performed sug- 
gest that impairment of renal function also may 
be independent of alteration of glyconeogenesis 
as well as independent of the typical disturbances 
of electrolyte equilibrium. The hypothesis has 
been tested in humans by quantitative measure- 
ments of the various functions of the kidney at 
different levels of adrenal activity. The results 
wll be presented in this communication. 

^This investigation was aided by the Com Industries 
Research Foundation. The authors wish to thank Dr. 
George W. Thorn of Baltimore and the Ciba Phanna- 
ceubcal Products Company for the generous quantities 
o ^Kojcj-cordcosterone acetate (Percorten) supplied in 
oil and in pellets. 


There are few studies reported in the literature which 
are pertinent to the discussion. The first reports were 
published in 1914 when three observers, independently, 
discussed the development of renal insufficiency in asso- 
ciation with acute adrenal cortical insufficiency. Sicard 
and Haguenau (2) dismissed the matter with the state- 
ment that kidney insufficiency may be observed in humans 
during an adrenal crisis. Gaillard (3) made the first 
quantitative measurements of renal insufficiency and noted 
a blood urea of 320 mgm. per 100 cc. in a patient who 
had died from adrenal failure. A similar increase of 
waste products in the blood was noted by Porak and 
Chabanier (4) in animals following bilateral adrenal- 
ectomy. In 1916 Marshall and Davis (5) observed a 
delayed excretion of phenolsulphonphthalein dye as well, 
as nitrogen retention in the adrenalectomized dog. They 
ascribed the changes to a “functional depression of the 
kidneys caused by a failure of elaboration by the ad- 
renals of a substance necessary for maintenance of nor- 
mal kidney function." Renal function in chronic adrenal 
insufficiency w'as measured by Stahl, Atchley and Loeb 
(6) in an adrenalectomized dog which was maintained 
for 9 months with adrenal cortical extract and salt with- 
out evidence of a progressive decrease in phenolsulphon- 
phthalein excretion or urea clearance. A diminution in 
renal function was demonstrated only during an adrenal 
crisis which could be induced by withdrawal of either salt 
or extract. It is possible that if the dog had suffered 
from insidious chronic adrenal insufficiency for as long a 
time as do many patients with Addison’s disease, evidence 
of renal damage might have been evident at other times 
than during an adrenal crisis. 

Investigation of renal function during intercritical pe- 
riods in a series of patients with Addison's disease was 
pursued first by Rowntree (7) who reported a decreased 
excretion of phenolsulphonphthalein dye 2 hours after 
injection in ten out of tivelve patients. It is regrettable 
that fractional collection of urine samples was not prac- 
ticed since the amount of dye excreted during a 2-hour 
collection period is not as accurate an index of mild 
renal insufficiency as is the per cent excreted in the first 
15 minutes after injection. Subsequently, Rowntree and 
Snell (8) noted a decreased excretion of dye in acute 
adrenal insufficiency as well as hjposthenuria, albuminuria 
and cylinduria in patients . with Addison's disease whose 
symptoms were controll^. Inability to concentrate urine 
was observed by Rosenow (9) in two patients with 
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Addison’s disease. He concluded that ability to concen- 
trate urine was a function of the endocrine glands. 

It is agreed that albuminuria, cylinduria and hypos- 
thenuria are indicative of grave insults to the kidney. 
Less devastating alterations might occur, but would escape 
recognition because accurate measurements of small vari- 
ations from the normal are not possible with the phenol- 
sulphonphthalein and urine concentration tests. On the 
other hand, dependable quantitative methods for deter- 
mination of renal efficiency by measuring rate of clear- 
ance of creatinine, inulin, diodrast and glucose have been 
developed only recently and have not been applied gen- 
erally to patients with Addison’s disease. Particularly 
pertinent is the application of these tests during the inter- 
critical periods when symptoms are adequately or almost 
completely controlled as the result of administration of 
sodium chloride and hormones. 

The creatinine clearance test devised by Rehberg (10) 
which measures, in humans, tubular excretory function 
as well as rate of glomerular filtration was applied by 
Margitay-Becht and Gomdri (11) to three patients with 
Addison’s disease. Values of 68, 63, and S6 cc. of plasma 
cleared per minute, respectively, were observed during 
crises. Following parenteral administration of adrenal 
cortical extract, the rates increased to 105, 109, and 144. 
All of these values are below normal except the last. 
It is stated that the depression in creatinine clearance 
showed no direct correlation with alteration of blood 
pressure, serum nonprotein nitrogen, serum sodium or col- 
loid osmotic pressure of the serum. It is thought that 
these are the first data which show incomplete restoration 
of impaired tubular function and glomerular filtration in 
patients with Addison’s disease whose symptoms are con- 
trolled by administration of adrenal cortical extract. 
McCance (12) reported an isolated datum of 50 cc. of 
glomerular filtrate formed per minute during an inulin 
clearance test in one patient with Addison’s disease. No 
statement was made regarding symptoms, but the patient 
presumably was not in a severe crisis since he concluded 
that while hypotension, dehydration, diminution in plasma 
volume, hyperproteinemia, and uncompensated alkalosis 
might contribute to the pathogenesis of renal dysfunction 
in acute renal insufficiency, these factors would not ex- 
plain the diminution in kidney efficiency observed. Finally, 
Gersh and Grollman (13) investigated glomerular filtra- 
tion and tubular reabsorption of ferrocyanide salts in the 
rabbit, the dog, and the cat. These functions were studied 
immediately after adrenalectomy in some animals and 3 
months post-operatively in others. No diminution in 
glomerular filtration was noted except late in an adrenal 
crisis. An increase in the rate of reabsorption of water 
by the tubules was apparent during severe adrenal in- 
sufficiency. 

SUBJECTS 

There are two clinical conditions with which 
may be associated a profound depression of ad- 
renal cortical activity and which are sufficiently 


chronic in course to permit an accurate appraisal 
of changes in renal function. These are Addi- 
son’s disease and pituitary hypofunction of the 
type designated as pan-hypopituitarism by Fraser, 
Albright and Smith (14). In this study ten pa- 
tients with typical Addison’s disease and six pa- 
tients with chronic adrenal insufficiency secondary 
to pituitary hypofunction were investigated. Six 
persons acted as normal controls. None of the 
experimental subjects gave a history of having 
had acute or chronic nephritis. One patient, 
D. S., was suspected in 1935 of having renal tuber- 
culosis. The diagnosis was not confirmed at that 
time or subsequently. A second patient, E. D., 
has had a persistent hypertension during the 2 
years that he has been under observation. Other- 
wise no gross kidney disturbance was present in 
any subject. 

The clinical methods for studying renal function 
were (c) determination of concentration of non- 
protein nitrogen of the serum, (b) testing ability 
to concentrate solids following abstinence from 
fluids for 12 hours, (c) urinary excretion of 
phenolsulphonphthalein dye 15 minutes after 1.0 
cc. had been given intravenously, and (d) pyelog- 
raphy after intravenous administration of 20 cc. 
of diodrast. More precise measurements of kid- 
ney function were obtained from estimation of 
rate of clearance of inulin, creatinine, diodrast, 
glucose, sodium, and potassium. 

The theoretical considerations which underlie 
the various clearance procedures will not be dis- 
cussed. We have assumed (15, 16) that inulin 
clearance measures rate of glomerular filtration, 
that creatine clearance measures rate of glomerular 
filtration plus tubular excretion, that diodrast clear- 
ance at low iodine plasma levels measures maxi- 
mum renal plasma flow, that diodrast clearance at 
high iodine plasma levels measures maximum tubu- 
lar capacity for excreting diodrast, and that gin* 
cose clearance at high plasma levels measures 
maximum tubular capacity for reabsorbing glucose. 

The patients with Addison’s disease (Table I) 
who were studied presented the typical clinical pic 
ture. They were chosen without regard to dura- 
tion of symptoms. None was known to be suffer- 
ing from any serious complication of Addison s 
disease or from an associated malady at the time 
that the tests were performed. Except for W. H-. 
the excretion of 17-ketosteroids was less than 
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mgm. per 24 hours. The normal range for excre- 
tion of this fraction, as determined by our labora- 
tory, is from 15 to 25 mgm, per 24 hours for adult 
males, and from 10 to 20 mgm. per 24 hours for 
adult females. The low values presented in Table 
I are indicative of a severe depletion of adrenal 
cortical tissue. The basal metabolic rate was ap- 
proximately 20 per cent below normal. Calcifica- 
tion of the adrenals was evident by x-ray in two 
patients. All of the patients except J. Coc. were 
studied first while they were on a high sodium 
chloride intake, but before receiving treatment with 
desoxycorticosterone acetate (Percorten). The 
first test on J. Coc, was performed 2 weeks after 
treatment with active material had begun. The 
tests were repeated on five patients from 2 to 6 
weeks after institution of desoxycorticosterone 
acetate therapy. The requirements for desoxy- 
corticosterone acetate were determined by the as- 
say method described by Thorn and Firor (17). 
The active material was given first in oil over a 
period of 2 or more weeks. When the main- 
tenance dose had been determined, pellets of de- 
soxycorticosterone acetate were implanted. Five 
patients were re-investigated approximately a year 
later at the time that they were admitted for re- 
implantation of pellets. After this long interval 
of time they were beginning to note the effects of 
an inadequate assimilation of desoxycorticosterone 
acetate, but none was suffering from acute adrenal 
insufficiency. Two patients, whose electrolyte ex- 
change had been restored by treatment with de- 
soxycorticosterone acetate were studied before and 
after experimental administration of adrenal corti- 
cal extract (Wilson’s). Twenty cc. of the ex- 
tract were given daily intramuscularly in divided 
doses for 5 days. 

Three Addison’s patients have died since the 
data were collected. A. H. died from adenocarci- 
noma of the ovary with metastases. A post- 
mortem examination showed caseous adrenals as 
well as carcinoma. A second patient, J. Cob., was 
a bartender and renegade. He was most unco- 
operative, and according to friends, died at home 
after an alcoholic bout. No autopsy was per- 
formed. A third patient, H. M., died suddenly in 
April 1941. Two months previously she had been 
admitted to the hospital for a new supply of de- 
soxycorticosterone acetate pellets. This admission 
was uneventful. One month before death she 


was observed to be in good physical condition, her 
serum electrolytes were normal and the blood pres- 
sure was 128/82. She lived only 18 hours after 
the sudden onset of weakness and hyperpyrexia. 
On the last admission, the serum sodium concen- 
tration was 126 m.eq. per liter ; nevertheless, sub- 
cutaneous edema was obvious. The concentration 
of blood sugar was 88 mgm. per 100 cc. A con- 
tinuous slow infusion of dextrose solution was 
given during the 18 hours preceding death. No 
autopsy was performed. The other patients with 
Addison’s disease are alive and in a satisfactory 
state of compensation. 

The patients suffering from pan-hypopituitarism 
(Table II) had symptoms of myxedema and 
chronic adrenal insufficiency. By pan-hypopitui- 
tarism we mean a type of Simmond’s disease in 
which the most conspicuous feature is hypothy- 
roidism (18) rather than cachexia. All of the pa- 
tients with this malady were moderately incapaci- 
tated in contrast to those with Addison’s disease. 
Each patient was admitted to the hospital because 
of distressing symptoms and all had metabolic rates 
below minus 20 per cent. Previous to admission 
four patients had had at least one crisis, the symp- 
toms of which had been attributed to myxedema, 
but in retrospect are believed to have been those 
of adrenal insufficiency. All were ambulatory 
without requiring specific treatment at the time the 
renal function tests were done, 

A diagnosis of chronic adrenal insufficiency m 
these patients was based upon the following evi- 
dence: (a) the syndrome of pan-hypopituitarism 
is known to be associated with atrophy of the 
adrenals; (&) excretion of 17-ketosteroids in the 
urine was similar to patients with Addisons dis 
ease; (c) symptomatic improvement followed a 
high sodium chloride intake; (d) only sma 
amounts of thyroid extract were tolerated. T ^ 
blood pressure was normal in all except E. • 
This patient was the only one who showed evi 
dence of renal damage by routine clinical tests. 
Four of the patients are alive and their symptoms 
are moderately well controlled on a high salt le 
supplemented by parenteral administration of ma 
or female sex hormones. Patient C. O. died from 
diabetes mellitus and hemochromatosis, symptom 
of which appeared after renal function studies a 
been performed. Patient E. B. died followm 
surgical removal of a suprasellar cyst. Atropiy 
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TABLE II 


Summary 0 / clinical observations on six patients with pan-hypopituitarism 


c 

c 

C. 

i 

g 

< 


Duration of Bymptoms 

Date 

£ 

C 

1 

u 

& 

1 

a 

Senim 

1 

1 

o 

s 

o 

*3 

$ 

Urine 

Intravenous pyelography 

0 

1 

*0 

A 

a 

7j 

S 

» 

£ 

3 

1 

W 

H 

f 

rt 

o 

C. 

Nonprotein nitrogen 

a 

c: 

1 

JO 

s 

1- 

11 

d 

1 

A 

< 

4.1 

c 

c* 

E 

1 

Excretion of phcnol- 
sulplionphthalcin dur- 
ing first 15 minutes 

en 

■d 

*6 

o 

to 

o 

23 

Ut 



i 

jHI 



m. 

m. 

mgm. 

mgm. 




1 

mgm. 








mn. 

eq. 

eq. 

per 

per 




iter 

per 


per 






Be 

p€T 

per 

100 

100 




cent 

n 


; cent 







liter 

liter 

cc. 

U. 1 





hours 

j 


N.\\'. 

54 

o' 


November 13, 1939 

110160 

I3S.7 

4.1 

20 

96 1 

1.020 

0 

Negative 


0.0 


-40 





December 15, 1939 

100/6S 




80 1 







-40 

c.o 

S3 


2 

December 20, 1939 

122/88 



21 

286 

1.022 

0 



2.0 


-39 











blood cell 





da.. ... 

29 







30 

111 

1.022 

0 



2.4 


—23 

E.D 

70 

cf 

13 

May 11. 1940 

170/85 

I32J 

4.3 

29 

74 

1.025 

0 

Negative 

13 

3.0 

' Normal 

-19 





November 25, 1940 

190/120 




80 

1.012 

S.P.T. 

Rare cast 

12 

3.3 

Normal 

-34 

E-B 

27 

c? 

1 

July 19, 1941 

110/70 

138.4 

4.0 

20 

82 1 

I.0I7 

0 

Negative 

34 

1.8 

, Normal 

-26 

B.L 

18 


1 

August 4. 1941 

104/72 

140.5 

4.4 

18 

56 1 

1.022j 

0 

Negative 

28 

1 

3.2 

! Normal 

-35 


of the adrenals was apparent at postmortem ex- 
amination in both patients. 

Although the term adrenal insufficiency is used 
frequently throughout this communication, none of 
the observations was made during an adrenal 
crisis. The study was planned in order to gather 
renal function data on ambulatory patients whose 
clinical symptoms were satisfactorily controlled. 
When the words adrenal insufficiency are used, 
therefore, it implies nothing more than an ana- 
tomical deficiency of adrenal cortical tissue. By 
this definition all patients with typical Addison’s 
disease or pan-hypopituitarism, irrespective of ap- 
parent adequac}'^ of treatment, are suffering from 
adrenal insufficiency. This statement is not in- 
tended to imply that the current drugs used in the 
treatment of Addison’s disease are unsatisfactory. 
On the contrary, they have altered the clinical 
course of Addison’s disease tremendously. 
Nevertheless, Ave believe that in most patients 
even this treatment does not proA'ide for complete 
restoration. 

During the period that these studies Avere in 
progress, seven additional patients Avith Addison’s 
disease Avere admitted to the hospital in an acute 
adrenal crisis. Not one of these patients Avas 
thought to be a suitable subject for clearance tests 
since Ave Avere interested in renal function in 
chronic adrenal insufficiency. Microscopic exam- 
ination of the kidneys from three of these pa- 
tients is discussed under Pathological Observations. 


METHODS 

Most of the data Avere collected while the patients were 
in the research ward of the Massachusetts General Hos- 
pital. Approjdmately 25 grams of inulin Avere given in- 
traA’enously for the determination of inulin clearance. 
For the determination of renal blood floiA', the concentra- 
tion of diodrast iodine in the serum Avas maintained at 
approximately 1 mgm. ' per 100 cc. Maximum tubular 
excretory capacity Avas determined Avith diodrast iodine 
levels in the serum, decreasing each 10-minute period 
from approximately SO mgm. per 100 cc. to 25 mgm. per 
100 cc. Maximum tubular reabsorption capacity Avas 
determined Avith rising serum glucose levels above 400 
mgm. per 100 cc. The inulin, creatinine, sodium and 
potassium clearance and diodrast clearance at Ioav plasma 
levels represent an average of 3 or more 10-minute col- 
lection periods. The data for diodrast and glucose clear- 
ance at high plasma levels are the average for 3 periods 
or less. All of the clearance tests are corrected to a 
body surface area of 1.73 sq.m. (16). 

The tests AA’ere begun Avhile the subjects AA’ere in a 
basal state except as regards consumption of AA'ater. One 
liter of fluid Avas alloAved 12 hours and 2 hours, respec- 
tively, before each test. All urine specimens Avere col- 
lected by a urethral catheter. A sample of blood Avas 
taken at the halfAvay time in most periods. \Vhen this 
Avas not done, the concentration of constituents of serum 
Avas interpolated from data collected during periods im- 
mediately before and after. Venous blood Avas taken for 
all determinations except glucose. When concentration 
of this constituent Avas desired, arterial blood AA-as taken 
from the brachial artery. Timing Avas done hy means 
of a stop Avatch. Iodine Avas determined according to the 
method described by Smith and associates (16). The 
methods used for determination of the other constituents 
in blood and urine have been described (19). 
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RESULTS 

Addison’s disease 

In the summary given in Table I of the clinical 
observations on patients with Addison’s disease, it 
is apparent that at the time most of the tests were 
performed, clinical evidence of acute adrenal in- 
sufficiency was lacking. At the time of the third 
test on H. M., at the time of the first test on E. H., 
and at the single test on J. Cob., symptoms of mild 
adrenal insufficiency were evident. The serum 
sodium concentrations during these tests tended 
to be less than 135 m.eq. per liter. In all deter- 
minations except the first on D. S., the serum po- 
tassium was within the range for normals. Labo- 
ratory and clinical evidence of hypoglycemia was 
absent in each patient. Previous to our studies, 
treatment in all patients except J. Coc. consisted 
only of a high salt intake and other conservative 
measures. 

Examination of kidney function by routine 
clinical procedures showed no striking or constant 
variation from the normal. A total of 91 separate 
determinations, which include maximum specific 
gravity, phenolsulphonphthalein excretion, con- 
centration of nonprotein nitrogen in the serum, 
albumin in the urine, urinary sediment and intra- 
venous pyelography, are reported in Table I, Of 
these only 16, or less than 18 per cent, were out- 
side the average range for normals. Albumin 
was noted at 2 examinations, blood cells or casts 
at 4 examinations. Eight of the ten patients were 
able to concentrate urine to 1.020 during at least 
one examination. The nonprotein nitrogen was 
above 35 mgm. per 100 cc. in only two instances. 
The intravenous pyelogram was normal in all ex- 
cept two patients. All except one subject was able 
to excrete more than 25 per cent phenolsulphonph- 
thalein dye during the first 15 minutes after 
injection. 

In contrast to these data, the rate of formation 
of glomerular filtrate as determined by inidin 
clearance was below normal at the first observation 
in each patient (Table III). Thus, W. H. on 
December 9, 1939, had an inulin clearance of only 
82 cc. per minute; yet he was able to concentrate 
urine to 1.024 and excreted 30 per cent of phenol- 
sulphonphthalein dye during the first 15 minutes 
after intravenous injection. The values in nine 


patients ranged between 56 cc. and 97 cc. The 
average was 77 cc. In our investigations of inulin 
clearance we have chosen arbitrarily 100 cc. of 
plasma per minute as the lower limit for a normal 
person and 120 cc. as an average normal value. 
These data are similar to those reported by Gold- 
ring and associates (20). 

Following the first series of renal function stud- 
ies, desoxycorticosterone acetate in oil was admin- 
istered and, later, pellets of this substance were 
implanted. Subsequently, an increase in rate of 
formation of glomerular filtrate was apparent in 
the five patients on whom this function was stud- 
ied. The increases averaged 32 per cent, a signifi- 
cant gain. Simultaneous clinical improvement was 
more subtle than obvious since the patients were 
in a relatively satisfactory clinical condition at the 
time of the initial tests. Following implantation 
of pellets for one year or longer, the improvement 
in renal function noted shortly after institution of 
desoxycorticosterone acetate therapy had regressed 
in all except E. H. Three of the five patients on 
whom these tests were repeated showed an inulin 
clearance below that observed at the time of the 
first admission to the hospital. This result is not 
surprising since the life of the pellets used in this 
study is approximately 12 months and the amount 
of drug available from this source decreases rap- 
idly after one year. It should be stressed, how- 
ever, that except for H. M. no clinical symptoms 
of acute adrenal insufficiency were apparent and 
the patients were readmitted because we had ad- 
vised it. Each patient believed that clinical im- 
provement which developed month by month fol- 
lowing desoxycorticosterone acetate therapy had 
been maintained in a large part. 

The effect of administration of adrenal cortical 
extract (Wilson’s) upon kidney function was in- 
vestigated in two patients. Each was given 20 cc. 
of the material daily in divided doses intramuscu- 
larly for 5 days. The extract was given to ascer- 
tain whether it would have any demonstrable ef- 
fect upon inulin clearance. No striking improve- 
ment in clinical state was anticipated because this 


was satisfactory before administration of this ma- 
terial. The experiment was negative in both sub- 
jects. It was concluded that adrenal cortical ex- 
tract in the doses given is unable to restore mi- 
paired renal function in patients with Addison’s 
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disease beyond that achieved by desox 3 ’corticos- 
terone acetate. 

Crcaliuitic clearance was determined simultane- 
ously with inulin clearance in most instances. A 
nonnal person excretes approximately 25 per cent 
of the total creatinine by means of tubular excre- 
tory activity and the remainder by glomerular 
filtration. The patients with Addison’s disease in 
our series excreted slightly more than 30 per cent 
of the total by the tubules and proportionately less 
by glomerular activity. This is indirect evidence 
that glomerular filtration in Addison’s disease is 
depressed to a greater extent than is renal blood 
flow ; the latter supplying creatinine-containing 
blood for tubular excretion. 

Further evidence to support the assumption that 
in Addison’s disease glomerular filtration suffers 
more than does renal blood flow was deduced from 
measurements of diodrast clearance at low plasma 


levels (Table III). Effective renal blood flow 
may be calculated from diodrast clearance at low 
plasma levels and cell volume. This function 
was not determined in many patients, but the col- 
lected observations show proportionately less de- 
pression below normal than do inulin clearances. 
Renal plasma flow averaged 465 cc. per minute in 
10 tests on the Addisonian patients. The average 
for the normal subjects was 690 cc. per minute. 
Administration of adrenal cortical extract did not 
affect this function. 

The ratio of glomerular filtration to renal 
plasma flow has been designated filtration fraction 
by Smith. In five normal subjects this averaged 
21.5 per cent. In the Addison’s patients it aver- 
aged 15.7 per cent. A diminution in filtration 
fraction may be accomplished by a decrease in 
blood pressure or a diminution of tone of efferent 
arterioles of the nephron. Since the blood pres- 
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Renal function observations on ten patients with Addison's disease 
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sures were essentially normal, it is assumed that 
the decreased fraction was produced by efferent 
arteriolar relaxation. 

The observations on maximum tubular capacity 
for excretion of diodrast (diodrast Tm.) and 
maximum tubular capacity for reabsorption of glu- 
cose {glucose Tm.) are too few for one to draw 
conclusions. It may be stated, however, that tubu- 
lar excretory capacity appears to be maintained 
remarkably well, while capacity for reabsorbing 
glucose is impaired seriously. Reabsorption of 
water by the tubules was calculated for five pa- 
tients before and after treatment with desoxycorti- 
costerone acetate. The percentile reabsorption 
was unchanged in three patients, increased in one 
and decreased in one. No significant change was 
noted in the two patients who received adrenal 
cortical’ extract. Our data, therefore, do not con- 
firm the conclusions of Gersh and Grollman (13) 
and Silvette and Britton (21) that tubular re- 
absorption of water is increased in animals in 
adrenal insufficiency. Increased tubular reabsorp- 
tion of water would be a rather unexpected find- 
ing since glomerular filtration is depressed. Fur- 
thermore, in acute adrenal insufficiency increased 
urinary output accompanies development of 
symptoms. 

The exchange of sodium, chloride and potassium 
by the kidney was calculated as cc. of plasma 
cleared per minute and recalculated to determine 
per cent reabsorption by the tubules according to 


the formula 




sodium clearance X 
inulin clearance j 


In 


employing the term clearance for electrolyte ex- 
change, we have assumed that it implies and em- 
bodies a process similar to the clearance of sub- 
stances such as urea, phosphate, and urate. In- 
herent aspects of electrolyte clearance include ap- 
pearance of these substances in the glomerular fil- 
trate in the same concentration as they exist in 
pksma, and reabsorption in part by tubular cells 
as the glomerular filtrate passes through the tubu- 
lar lumina. We have assumed that electrolytes 
are not excreted by the tubules. 

The electrol 3 rte clearances were determined be- 
cause the statement has been made that the tubule 
cannot absorb adequate quantities of sodium in ad- 
renal insufficiency (22, 23). Additional data on 


this subject seemed desirable. Normal persons on 
a sodium chloride intake of from 6 to 10 grams 
per day will have a “sodium clearance” of from 
1 to 5 cc. of plasma per minute. All of the Addi- 
son’s patients except H. M. had a sodium clear- 
ance within this range or below. During the pe- 
riod of the test, therefore, no dissipation of sodium 
was apparent. Similar conclusions were reached 
by Schafer (24) who employed a different tech- 
nique for the study of renal activity of the ad- 
renalectomized dog and cat. Our conclusions are 
not intended to imply that a dissipation of sodium 
does not occur in adrenal insufficiency (25). In 
fact these clearance data may be interpreted as 
confirming the assumption that, during the tests, 
none of the patients was suffering from acute 
adrenal insufficiency. An alternate explanation 
for our inability to detect any dissipation of so- 
dium is that these studies on renal function are 
not sufficiently precise to detect subtle variations 
in sodium exchange. The results obtained from 
the calculation of tubular reabsorption of chloride 
are scattered and are not conclusive. 

The data on potassium clearance appear to be 
more definitive. Each of the first five patients 
studied showed an increased clearance of potas- 
sium following treatment with desoxycorticos- 
terone acetate. This was an expected result since 
this substance promotes elimination of potassium 
as well as retention of sodium. The increased 
excretion of potassium is produced mainly by an 
increase in glomerular filtration. Calculation of 
the amount reabsorbed by substituting potassium 
clearance in the above-mentioned formula gives 
scattered results just as for sodium. 

Adrenal insufficiency secondary 
to pan-hypopituitarisni 

All of the patients with pituitary hypofunction 
showed a profound depression in inulin clearance 
(Table IV) . The average for the group was ap- 
proximately one-half that for normal contros. 
Creatinine clearance showed a smaller ^ percen i 
decrease from normal, as was observed in patien 
with Addison’s disease. More than 30 per ° 
the creatinine excreted was by means of tu u a 
activity. Diodrast clearance at low plasnna leve 
was determined on two patients. The 
fractions were 21.1 and 19.1 per cent, respective 
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TABLE IV 

Renal function observations on six patients with 
pan-hypopituitarism 
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Normal controls 

The effect of desoxycorticosterone acetate upon 
renal activity was studied in two normal subjects, 
B. C. and B. D. Each subject was given daily 
10 mgm. of the substance in oil for 7 days. Clear- 
ance studies before and after administration to 
B. C. were similar. Before-administration studies 
were not done on B. D. but after-treatment studies 
were within the average range for normals. 


These observations suggest that desoxycorticos- 
terone acetate does not influence rate of formation 
of glomerular filtrate in normal persons. Several 
observations of sodium and potassium clearance 
were made on R. J. following a high as well as a 
low potassium intake (Table V). High potas- 
sium clearances followed a high potassium intake. 
They approximated inulin clearance, which indi- 
cates that most of the potassium which appeared 
in the glomerular filtrate was excreted and was not 
reabsorbed. On a low potassium intake, the clear- 
ance of potassium was maintained within the aver- 
age range for normals. Large changes in potas- 
sium clearance were not reflected by a similar 
change in sodium clearance. It is suggested that 
sodium and potassium possess independent mecha- 
nisms for excretion by the kidney and no recip- 
rocal excretion of these substances is manifest. 

PATHOLOGICAL OBSERVATIONS 

One of our interests in pursuing this investiga- 
tion of renal function in adrenal insufficiency was 
the reported absence of structural damage in the 
kidney of patients dying from Addison’s disease 
(2, 26, 27, 28, 29). One might assume, there- 
fore, that the changes in the kidney were "func- 
tional” and reversible if the adrenal insufficiency 
could be controlled. A comprehensive study of 


TABLE V 


Renal function observations on six control subjects 
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postmortem material was reported by Guttman 
(30) in 1929. In a statistical study of 566 autop- 
sied cases of Addison’s disease collected from the 
literature, less than 10 per cent showed morpho- 
logic changes in the kidneys sufficient to justify 
an anatomic diagnosis of renal disease. Approxi- 
mately one-half of this number showed tubercu- 
losis of the kidney; the remainder showed among 
other conditions acute and chronic nephritis and 
pyelonephritis. 

Somewhat different findings were reported by 
Barker (31) in thirty-one autopsied cases. Ten 
of this number showed tubular atrophy which 
consisted of “flattening of the epithelial cells and 
diminution in the amount of cytoplasm. The 
tubular lumina usually appeared diminished in 
diameter with intertubular edema. Occasionally, 
fat was evident in the tubular cells.” Barker in- 
terpreted these changes as the analogue of a toxic 
nephrosis which had been produced by hypotension 
and anoxemia. Similar pathological findings have 
been observed in adrenalectomized animals. Fat 
deposits in the epithelium of the collecting tubules 
have been noted in the cat (5, 32) and general 
swelling of the tubular cells in the dog (33), 
It is of interest that Simpson and Korenchevsky 
(34) prevented the development of degenerative 
changes in the tubules of rats following adrenal- 
ectomy by the use of adrenal cortical extract. No 
mention was made of time allowed for the devel- 
opment of degenerative changes or the amount of 
extract necessary for prevention of changes. 

In our series of patients none of them gave a 
history of having had any renal disturbance and 
a diagnosis of acute or chronic nephritis, nephro- 
sis, or pyelonephritis was not presumed in any. 
D. S. had changes by intravenous pyelogram which 
suggested unilateral tuberculosis of the kidney. 
He has been followed over a period of more than 
4 years and the diagnosis has never been confirmed 
either by medical or urological consultants. In- 
jection of a sample of urine into a guinea pig 
did not lead to tuberculosis in the animal. 

Finally, we are able to report on postmortem 
material from three patients studied in this series 
as well as three other patients who died from 
Addison’s disease. The microscopic examinations 
were made by Dr, B. M. Castleman, The kidneys 
of A. H. at autopsy showed minimal structural 


changes consistent with pyelitis and pyelonephri- 
tis, It is significant that our studies which were 
done 5 months before death from carcinoma 
showed a low normal inulin clearance following 
implantation of pellets. If the pyelonephritis 
were playing a large role in depression of glom- 
erular filtration, it is assumed that desoxycorti- , 
costerone acetate could not have restored this 
function to normal. It is concluded that glomeru- 
lar filtration on entry was not depressed because 
of pyelonephritis, but was an integral part of the 
adrenal disturbance, C. O. had normal kidneys 
except for small deposits of hemosiderin. It is 
not believed that the hemosiderin deposits had 
interfered seriously with renal function during 
life. The kidneys of E. B., as well as those of 
three other patients who died from Addison’s dis- 
ease during the past 2 years, but who were not 
suitable patients for clearance studies, appeared 
normal. 

DISCUSSION 

The capacity of the kidney has been investi- 
gated in patients with Addison’s disease and in 
patients with adrenal cortical atrophy secondary 
to pituitary hypofunction. Both groups of pa- 
tients were studied at a time when clinical symp- 
toms of acute adrenal insufficiency were absent. 
The data reported, therefore, are to be inter- 
preted as an integral part of controlled adrenal 
insufficiency rather than severe adrenal depletion. 
Renal function was studied by the clinical tests 
usually applied and by more quantitative meas- 
urements of specific renal activity. Routine clini- 
cal tests in the majority of instances were normal. 
On the other hand, precise measurement of renal 
function by the clearance tests recently described 
by Smith and associates showed considerable 
impairment. 

Rate of formation of glomerular filtrate as 
measured by inulin clearance was depressed sig 
nificantly in all patients before treatment. From 
1 to 4 weeks following treatment with desoxycor- 
ticosterone acetate, the patients with Addisons 
disease showed partial restoration of glomerular 
filtration. One year or more following implanta- 
tion of pellets of desoxycorticosterone acetate 
and, in spite of continued clinical improvemen , 
regression of glomerular filtration rate had taken 
place. Renal plasma flow as measured by diodras 
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clearance at low plasma levels showed a smaller 
percentile depression than did inulin clearance. 
The ratio of inulin clearance to diodrast clear- 
ance, j.c., filtration fraction, was considerably be- 
low normal. Of all the measured functions, 
maximum tubular capacity for excreting diodrast 
at high iodine plasma levels was affected least. 
Maximum tubular capacity for reabsorbing glu- 
cose at high plasma levels was most affected. 

There are several factors which might be re- 
sponsible for the pathogenesis of renal impair- 
ment in symptomatically controlled adrenal in- 
sufficiencj’. These are (1) vasomotor unrespon- 
siveness and hj^potension, (2) increase in concen- 
tration of serum protein, (3) decrease in meta- 
bolic rate, (^4) structural changes in the kidney, 
(i) non-specific result of a chronic disease, and 
(d) lack of some specific action of one or more 
adrenal cortical hormones. 

Diminution of blood pressure may be suspected 
because hj-potension might produce many of the 
obsen.'ed changes. In acute adrenal insufficiencj', 
a significant depression in renal function un- 
doubtedly may be attributed to hypotension. In 
our studies, however, blood pressures were normal 
in most instances. Furthermore, if hypotension 
had been responsible, renal plasma flow should 
have suffered quite as much as inulin clearance, 
instead of the reverse. The data suggest a dim- 
inution in efferent arteriolar tone with less im- 
pairment of tubular activity than rate of forma- 
tion of glomerular filtrate. This is consistent 
with the clinical findings of a poorly functioning 
vasomotor system. 

Dehydration with increase in colloid osmotic 
pressure was not seriously implicated because the 
concentrations of serum protein were within the 
Cange for normal. 

A decrease in metabolic rate has not been 
entirely excluded as being responsible for the 
0 served effects. In Addison’s disease, as well as 
*n adrenal insufficiency secondary to pituitary 
ypofunction, the metabolic rate is depressed. 
^ ^'^er^es of the two groups are compared, 
patients with pituitary hypofunction had a 
ea er epression of kidney function as w'ell as 
greater depression in metabolic rate. Since the 
rmone produced by the thyroid has an effect 
n ce u ar activity generally, it is reasonable to 


assume that depressed tubular activity may fol- 
low inadequate elaboration of it. 

Structural changes in the kidney are obser\'ed 
infrequently in Addison’s disease and cannot be 
held responsible for the functional impairment. 

We cannot refute with certainty the supposi- 
tion that the observed changes are the effect of a 
chronic disease per se. Signs of grave renal in- 
sufficiency' which accompany acute adrenal insuf- 
ficiency argue for a more specific relationship. 

Maintenance of the integrity of the kidney by 
hormones of the adrenal cortex was postulated by 
Marshall and Davis in 1914 (5). Such a postu- 
lation is not unreasonable and partial restoration 
in inulin clearance immediately following treat- 
ment with desoxyxorticosterone acetate supports 
it. The failure of kidney function to be main- 
tained a year after implantation of pellets and 
the absence of improvement in renal function in 
Addison's disease following administration of ad- 
renal cortical extract negate the postulation. 

In conclusion, the correct explanation of the 
pathogenesis of renal impairment may be multiple 
rather than single. A combination of all or of 
most of the hy^jotheses would be in keeping ivith 
the statement made in the introduction of the 
paper, i.e., adrenal insufficiency' is a complex 
phenomenon. 

SUMMARY 

Studies of kidney function have been pursued 
in ten patients with chronic adrenal insufficiency' 
associated with Addison’s disease and in six pa- 
tients with chronic adrenal insufficiency associated 
with pan-hypopituitarism. All of the patients 
except two gave a negative history for acute or 
chronic renal disease. In most instances the pa- 
tients were well compensated and sy'mptoms of 
severe adrenal insufficiency were not present im- 
mediately before, during or after any of the tests. 
The function tests included accepted clinical pro- 
cedures, as well as clearance of inulin, creatinine, 
diodrast, glucose, sodium, chloride and potassium. 

The clinical tests for renal disease were normal 
in most patients. On the other hand, more pre- 
cise tests showed evidence of impairment of all 
measured aspects of renal function in all patients 
at most examinations. Rate of formation of 
glomerular filtrate and tubular reabsorptive ca- 
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pacity for glucose were affected most. Renal 
plasma flow was affected less and tubular capacity 
for excreting diodrast was affected least. The 
filtration fraction was depressed below normal. 
Administration of desoxycorticosterone acetate 
corrected partially, but temporarily, these de- 
ficiencies. Administration of adrenal cortical ex- 
tract had no demonstrable action upon the meas- 
ured functions. Administration of desoxycorti- 
costerone acetate to two normal persons was 
without demonstrable effect upon renal activity. 

The pathogenesis of these aberrations is as- 
sumed to be “functional” in so far as no structural 
changes are consistently observed in the kidneys 
of patients who have died from adrenal insuffi- 
ciency. Vasomotor unresponsiveness, a decrease 
in metabolic rate, a nonspecific effect of a chronic 
disease, and a lack of specific action by the adrenal 
cortical hormones may each contribute. 
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There has been considerable difference of opin- 
ion concerning the influence of the vitamins upon 
resistance to infection (1). Many of the pub- 
lished reports, based to a great extent upon studies 
in experimental animals, have tended to suggest 
that vitamin A and vitamin C are especially im- 
portant in maintaining resistance (2). The role 
of these vitamins in the resistance of human sub- 
jects to infection has not been satisfactorily 
established. 

The present study was undertaken to reinves- 
tigate the influence of vitamin A and vitamin C 
upon a series of immunological reactions in pa- 
tients receiving diets adequate in all other factors 
except the specific vitamin, the influence of which 
was to be studied. The following immunological 
phenomena were studied ; ( J ) the capacity of the 
patient’s nasal secretions to inactivate influenza 
virus (3) ; (2) the titer in the patient’s blood 
serum of neutralizing antibodies for influenza 
virus; (i) the activity of lysozyme in the nasal 
secretions; ( 4 ) the titer of complement in blood 
serum; and (5) the phagocytic activity for pneu- 
mococci of polymorphonuclear neutrophilic leuko- 
cytes in whole, heparinized blood. 

METHODS 

Selection and care of patients 

The five subjects were patients in the wards of the 
Third (New York University) Medical Division of Bel- 
ize Hospital. Three of them had been admitted to the 
hospital for some minor complaint; one patient had cir- 
rhosis of the liver and the other had ankylosing spondy- 
itis. All patients were under the observation of a special 
nurse. 

Dietary measures 

Each patient received a diet which was deficient either 
y vitamin A or vitamin C but which was adequate in 

^This research was aided by a grant from the Josiah 
*«cy, Jr. Foundation. 

The cod liver oil concentrate used in this study was 
supplied by the Lederle Laboratories, Inc. 


calories and all other foodstuffs. In addition, each patient 
received a daily supplement of 10 to 20 mgm. thiamine 
chloride, 50 to 100 mgm, nicotinic acid, 1 to 2 mgm, ribo- 
flavin and IS to 30 grams of dried brewers' yeast. Fur- 
thermore, patients who were on the diet deficient in vita- 
min A received 100 to 200 mgm. of ascorbic acid daily; 
patients on the diet deficient in vitmin C received 100,000 
to 300,000 U.S.P. units of vitamin A in the form of a 
cod liver oil concentrate daily. 

The diets were prepared by the University dietitian. 
The diet deficient in vitamin A contained not more than 
300 U.S.P. units of vitamin A per day (Table I). The 

TABLE I 

Vitamin A deficient diet 

Breakfast 

Fruit 

Cereal 

Skimmed milk, one pint 
Bread, three slices 
Coffee 

Lunch 

Lean beef or fish 
Potato, rice or spaghetti 
Skimmed milk, one pint 
Bread, three slices 

Plain pudding, Jello, fruit or ice cream 
Supper 

L^n beef or cottage cheese 
Rice, potato or spaghetti 
Skimmed milk, one pint 
Bread, three slices 
Dessert, same as for lunch ' 

Butter, eggs and vegetables were excluded from the diet 
and Mazola oil was used to cook the meat and fish. 

The only significant source of vitamin A in the diet was 
skimmed and contained not more than 
20 U.S.P. units of vitamin A per 100 ca 

diet deficient in vitamin C contained about S mgm. of 
vitamin C per day (Table II). 


V ita/nin determinations 

Weekly or bi-weekly determinations of the amount of 
vitamin A, carotene and vitamin C in the blood plasma 
of ^ch patient were made. The amount of vitamin C 
m the white blood cell-platelet layer was determined at 
interra s.^ All of the determinations, except where spe- 
ci ca y mdicated othenvise, were made on blood ob- 
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TABLE II 

Vitamin C deficient diet 

Breakfast 
Cereal, with sugar 
Skimmed milk, one pint 
Egg, one only 

Bread, three slices, with butter 
Lunch 

Lean beef or fish 

Rice, spaghetti or noodles 

Skimmed milk, one pint 

Bread, three slices, with butter 

Plain pudding, custard, Jello or ice cream 

Supper 

Cheese, egg or lean beef 
Rice, noodles or spaghetti 
Skimmed milk, one pint 
Bread, three slices, with butter 
Dessert, same as for lunch 

Fruit and vegetables were excluded from the diet. 


tained from the patient 24 hours after the last adminis- 
tration of vitamin A or vitamin C. 

The concentration of vitamin A in the plasma was 
determined in the photoelectric colorimeter by the method 
reported by Kimble (4). The amount of carotene in the 
plasma was determined in the photoelectric colorimeter by 
the method described by Stueck et al. (5). 

The content of vitamin C in the plasma was determined 
in the photoelectric colorimeter by the method of Mindlin 
and Butler (6), using methylene blue as the indicator in 
place of 2, 6 dichlorophenol indophenol. The concentra- 
tion of vitamin C in the white blood cell-platelet layer 
was measured by the method of Butler and Cushman (7). 

It has been reported by others (4) and substantiated by 
Ralli et al. (8) that in normal adults the level of vitamin 
A in the plasma, as determined in the photoelectric col- 
orimeter, varies from 88 to 220 U.S.P. units per 100 cc. 
and the amount of carotene in the plasma varies from 
0.080 to 0.280 mgm. per cent. 

In normal adults the amount of vitamin C in the plasma 
is above 0.4 mgm. per cent. The concentration of the 
vitamin in the white blood cell-platelet layer is about 25 
mgm. per 100 grams (9). The best test at present avail- 
able for detecting a profound depletion of the stores of 
vitamin C in the tissues of humans, prior to the appear- 
ance of the symptoms of scurvy, is the determination of 
the amount of vitamin C in the white blood cell-platelet 
layer. A decrease in the amount of vitamin C in the 
plasma precedes any decrease in the amount of ascorbic 
acid in the white blood cell-platelet layer. When vita- 
min C is absent from the plasma the subject can be con- 
sidered to be in a state of vitamin C subnutrition. When 
the vitamin is absent from the white blood cell-platelet 
layer the subject is approaching the clinical state of 
scurvy. 


Immunological tests 

Materials for the various immunological tests were 
obtained each week dr, in certain instances, every second 
week. 


Determination of the capacity of the nasal secretions to 
inactivate influenza virus 

Nasal secretions were obtained by inserting pledgets of 
dry cotton into the middle meatus of the nose. After 
the cotton had become well soaked, the clear fluid was 
expressed. This material was stored at 4° C. and each 
specimen was subjected to the same period of storage 
before testing. The virus was obtained from infected 
mouse lung which had been ground with alundum and, 
after light centrifugation, diluted 1 : SOO with 10 per cent 
normal horse serum in physiological sodium chloride 
solution. Serial, two-fold dilutions of the nasal secre- 
tions in physiological sodium chloride solution were made 
and to 0.15 cc. of each dilution an equal volume of a 
suspension of tlie PR8 (10) strain of type A epidemic 
influenza virus, containing 6,000 lethal doses, was added. 
The nasal secretions-virus mixtures were incubated at 
37° C. for 30 minutes and then 0.05 cc. of each mixture 
(containing 1,000 lethal doses of virus) was given intra- 
nasally to each of three C.F.W. Swiss mice lightly 
anesthetized with ether. The mice were observed for 10 
days, all deaths were recorded daily, and all survivors 
were sacrificed and autopsied. The end point of the 
titration was that final dilution of nasal secretions which 
protected 50 per cent of the mice from death in 10 days 
(11). Since these tests were made at weekly intervals, 
the potency of the virus was determined each week to 
permit a standardization of the results. 

Determination of influenza virus neutralizing antibody ni 
blood serum 

These tests were performed in exactly the same manner 
as those with nasal secretions except that double volumes 
of diluted serum and virus suspension were placed in the 
mixture. 

A single, standard serum was included in most tests for 
influenza virus inactivating substance in nasal secretions 
and influenza virus neutralizing antibody in blood serum. 
The uniformity of titer as shown in Figure 1_ indicates 
that the results obtained in different tests are strictly com 
parable since the range of variability fell within one 
dilution. 

Determination of lysozyme in nasal secretions 

Serial, two-fold dilutions of nasal secretions were made 
in physiological sodium chloride solution and 0.5 cc. o 
each dilution was added to 0.5 cc. of an 18-hour cu ture 
of the susceptible microorganism in pneumococcus ro - 
The mixtures were incubated for one hour at ^ 

The end point was taken as the highest initial ° 

nasal secretions which produced complete lysis o 

To ensure uniformity of the bacterial suspensions, tubes 
containing 8 cc. of broth were seeded with 0.2 cc. o 
culture which had been used the previous week and s 
sequently stored at 4° C. The microorganism employe 
was a gram positive coccus which produced alpha hemo 
sis, was not soluble in bile and did not ferment inulm. 
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Fig. 1. Titers of Influenza Virus Neutralizing Antibody as Determined by Repeated Tests of a Single, 

Standard Serum 


The substance which was being measured in these tests 
had the properties of lysozyme (12) since the nasal secre- 
tions could be heated at 100° C. for 30 minutes at pH 4.5 
and when restored to pH 7 would still cause lysis of the 
test organism, although the potency was reduced by SO 
per cent. Of note was the observation that this treatment 
Mmpletely destroyed the ability of the nasal secretions to 
inactivate influenza virus. 

Determination of complement in blood serum 

Blood was drawn into partial vacuum venules ^ and 
stored at 4° C. for 30 hours, at which time the serum was 
removed and titrated. The serum tvas diluted 1 : 10, 
J:20, 1:30, 1:40, 1:60, 1:80, 1:100, 1:120 and 1:160 
in physiological sodium chloride solution. Five-tenths cc. 
of sensitized sheep red blood cells was added to 0.5 cc. of 
each dilution of serum and the mixtures incubated for 
one hour at 37° C. Two end points were read : first, the 
highest initial dilution of serum producing complete he- 
niolysis and, second, the highest initial dilution of serum 
producing the least detectable trace of hemolysis, as 
judged by inspecting the supernate following centrifuga- 
tion. Control tests consisting of 0.5 cc. of each dilution 
of the patient’s serum, 0.25 cc. of unsensitized sheep red 
Wood cells and 025 cc. of physiological sodium chloride 
solution were always included. 

The same lot of amboceptor served as a source of 
hemolysin for all tests and 0.25 cc. was employed to 
sensitize 0.25 cc. of the sheep red blood cells. The latter 
v.'ere washed with physiological sodium chloride solution 
before use. 

Determination of the phagocytic index 

^ Approximately 0.75 cc. of the patient’s blood was drawn 
into 0.1 cc. of 0.05 per cent heparin in physiological 
sodium chlo ride solution and the mixture was kept at 

® Kimble Glass Co., Vineland, N. J. 


37° C. for one hour. One-tenth cc. of the heparinized 
blood and 0.1 cc. of a 1 : 10 dilution in sterile meat infu- 
sion broth (pH 7.8) of an 18-hour culture of pneumococci 
in pneumococcus broth were then mixed in a 9 X 135 mm. 
test tube. The tubes were then sealed in a gas-oxygen 
flame and quickly placed upright in a water bath at 37° C. 
for 5 minutes. The tubes were then kept for one hour 
at 37° C. in a device which rotated them end over end 
35 times per minute. A drop of the blood-pneumococcus 
mixture was then spread on a glass slide and stained with 
Wright’s stain. The first 100 polymorphonuclear neutro- 
philic leukocytes encountered were examined for the 
presence of engulfed pneumococci. The phagocytic index 
was taken as the total number of intracellular diplococci 
divided by 100. The phagocytic index for type one pneu- 
mococci, strain S.V.l, and for type two pneumococci, 
strain D39, was determined each week as a rule. 

The stock cultures of the two strains of pneumococci 
used in the tests were continuously incubated at 37° C. 
and were subcultured every 24 hours by adding 0.1 cc. of 
culture to 8 cc. of pneumococcus broth containing 0.1 cc. 
of normal rabbit blood. Each strain was passed at weekly 
intervals to a mouse by the intraperitoneal route and 
recovered from the blood of the heart 3 days before use 
in the tests. Both strains remained of uniform virulence 
so that a 10"° dilution of culture was fatal for mice in 
approximately 24 hours. The bacterial colonies were al- 
ways smooth. 

A total leukocyte count of each sample of heparinized 
blood was made but there was no discernible relationship 
behveen the total leukocyte count and the phagocytic 

mdex. In no instance was a frank leukocytosis encoun- 
tered. 

CONTROL observations IN NORMAL SUBJECTS 

Certain observations senred as controls for the 
studies in the patients on vitamin deficient diets. 
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(a) In order to evaluate the significance of 
changes in titer in the test subjects, it ^vas neces- 
sary to obtain parallel determinations of the same 
nature in normal individuals. Four persons from 
the laboratory were selected because they habitu- 
ally consumed entirely adequate, average diets. 
Over a period of 34 weeks, at weekly intervals, 
tests for the influenza virus inactivating substance 
and lysozyme content of nasal secretions were 
conducted and monthly samples of serum were 
obtained for titration of neutralizing antibody to 
influenza virus (Figure 2). These materials were 
tested each week, together with similar material 
from all patients under investigation at the time. 
It was found that the results of each test in each 
individual tended, despite distinct variations, to 
remain at a characteristic high, intermediate or 
low level. 

Each of the four subjects while under observa- 
tion suffered his usual number of common colds. 
The presence of these infections was in no way 
reflected in the results of the tests nor was there 
any obvious relation between the immunological 
activity of the materials tested and the occurrence 
of the colds. 

A single observation of great interest was made 
in Subject R. M. In the 26th week, when the 
subject was in the period of invasion of measles, 
no influenza virus inactivating substance was de- 
tected in the nasal secretions, although 1 week 
previously and 2 weeks later it was present in 
high titer. 

(b) The phagocytic indices of the blood of three 
normal persons against pneumococci were deter- 
mined each week. These tests were followed 
through periods of 8 weeks, 7 months and 8 
months, respectively (Table III). Under the 
conditions of study, considerable fluctuation in the 
results was noted but no indication that the varia- 
tions were due to modifications of bacterial viru- 
lence was obtained. The fluctuations were never 
uniform- in all tests done at a given time but 
rather appeared to represent individual variations. 
On several occasions the accuracy of the tech- 
nique was checked by treating two portions of the 
same sample of heparinized blood as separate 
specimens throughout the test. The resultant pha- 
gocytic indices were essentially the same. The 
conclusion was reached that the variations seen 
were related principally to unknown factors in the 


TABLE in 


Phagocytic indices of blood from three normal persons for 
type one and type two pneumococci 




Subject 

1 Subject 

Subject 



A.E.F. 

S.M. 

E.M. 

Date 









Type 

: Type 

Type 

: Type 

Type 

1 Type 



one 

two 

one 

two 

one 

two 

October 

8, 1940 


5.06 





October 

10, 1940 




1.22 



October 

15, 1940 


0.05 





October 

16, 1940 


0.11 





October 

17, 1940 




0.29 



October 

22, 1940 


1.10 





October 

24, 1940 




0.44 



October 

29, 1940 


3.01 





October 

31, 1940 




0.29 



November 

5, 1940 

0.04 

7.05 





November 

7, 1940 



0.02 

0.19 



November 14, 1940 

0.05 

0.29 

0.00 

0.18 



November 20, 1940 

0.03 

0.98 

0.03 

0.09 



November 27, 1940 
November 29, 1940 

0.01 

0.83 

0.03 

0.15 



December 

4, 1940 

0.02 

0.47 

0.03 

0.10 



December 

10, 1940 




0.22 



December 

17. 1940 

1.04 

0.91 

0.20 

0.18 



December 24, 1940 , 

0.24 

6.70 

0.04 

0.32 



December 31, 1940 

0.10 

0.76 

0.04 

0.37 



January 

7, 1941 

0.04 

1.61 

0.07 

0.28 



January 

14, 1941 

0.15 

0.99 

0.02 

0.37 

! 


January 

21, 1941 

0.10 

1.08 





January 

28, 1941 

0.02 

2.50 

0.00 

1.04 



February 

4, 1941 

0.10 

0.21 

0.05 

0.04 



February 

18, 1941 

0.03 

0.86 





February 

25, 1941 

0.06 

0.90 





March 

4, 1941 

0.02 

0.67 

0.04 

0.62 



March 

11, 1941 

0.13 

0.34 

0.01 

0.17 



March • 

18, 1941 

0.17 

1.97 

0.01 

0.63 



March 

25, 1941 

0.16 

1.09 

0.14 

0.83 



April 

1, 1941 

0.50 

3.26 

0.13 

0.32 



April 

8, 1941 

0.03 

0.37 

0.34 

2.14 



April 

15, 1941 

1.20 

1.83 

0.05 

0.36 

0.26 

3.26 

April 

April 

22, 1941 

0.82 

4.44 



29, 1941 

0.49 

0.81 



0.93 

0.54 

May 

6, 1941 

0.75 

1.32 



0.58 

0.84 

0.53 

May 

13, 1941 

0.40 

0.88 



May 

20, 1941 

0.69 

1.32 



0.55 

May 

June 

27, 1941 
3, 1941 

0.10 

0.28 

3.70 

0.50 



0.15 

0.23 

0.19 

June 

10, 1941 

0.26 

2.70 



2.87 


blood itself which influenced the phagocytic ac- 
tivity. 


EXPERIMENTAL OBSERVATIONS 

{a) The influence of changes in the blood plasma 
levels of vitamin A and vitamin C upon 
immunological phenomena 

Immunological studies were made at reguki 
intervals on each of two-patients who were un 

approximately the same experimental conditions. 

In the course of these studies definite change 
w'ere produced in the plasma levels of vitamin 
And vitamin C. In addition, tests were made upon 
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* Subject in the period of invasion of measles. 
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materials obtained from each patient before and 
several hours after the administration of a dose 
of cod liver oil concentrate sufficient to cause a 
marked rise in the plasma level of vitamin A. 


W. W., a SO-year-old white male, was admitted to the 
hospital on September 6, 1940. He had lost 3S pounds of 
weight during the preceding year and had suffered from 
nervousness and tremors. He was undernourished and 
had generalized arteriosclerosis. 

A high caloric diet was given for 8 days at the end 
of which time analysis of the blood plasma revealed 0.5 
mgm. per cent of vitamin C, 88 U.S.P. units of vitamin 
A per 100 cc. and 0.13 mgm. per cent of carotene. 

On September 17, a OO-day period of observation was 
begun. The patient was placed on the vitamin A de- 
ficient diet supplemented daily with 200 mgm. ascorbic 
acid, 10 mgm. thiamine chloride, 50 mgm. nicotinic acid, 
IS grams dried brewers’ yeast and 1.2 grams ferrous 
sulphate. This regime was continued for 32 days during 
which time the plasma levels of vitamin A ranged be- 
tween 75 and 88 U.S.P. units per 100 cc. while the 
plasma carotene fell progressively to a low level of 
0.075 mgm. per cent. By the 10th day, as a result of 
the administration of vitamin C, the plasma level had 
risen to 1.87 mgm. per cent and the concentration in the 
white blood cell-platelet layer was 24 mgm. per 100 grams. 

The patient was discharged from the hospital on the 
32nd day with instructions to eat a regular diet supple- 
mented daily with 300,000 U.S.P. units of vitamin A in 
the form of a cod liver oil concentrate. The other die- 
tary supplements were discontinued. The patient re- 
turned weekly for further observations. This regime 
was continued for the final 58 days of the study. As a 
result of the large intake of vitamin A, the plasma level 
increased to 143 U.S.P. units per 100 cc. by the 44th day 
at which time the daily dose of vitamin A was reduced 
to 100,000 U.S.P. units. By the 58th day, the plasma 
vitamin A content had decreased to 75 U.S.P. units per 
100 cc. On the 82nd day, the patient was given a large 
dose of cod liver oil (300,000 U.S.P. units of vitamin A). 
This raised the plasma level of vitamin A from an 
initial value of 88 to a value of 393 U.S.P. units per 
100 cc. in 5 hours. After this the usual daily dose of 
100,000 U.S.P. units of vitamin A was resumed. The 
diet probably contained inadequate amounts of vitamin C 
because the plasma level decreased progressively to 0.21 
mgm. per cent. On the 83rd day, he was again placed 
on 200 mgm. vitamin C daily and by the 90th day, the 
plasma level had risen to 1.73 mgm. per cent. 

During the studies the patient gained approximately 10 
pounds in weight. 

T. O., a 60-year-old white male, was admitted to the 
hospital' on September 17, 1940. His chief complaints 
were abdominal pain for 6 months, loss of 40 pounds of 
weight during the preceding year and weakness for 6 
months. Although he had consumed no liquor for 2^ 
years, he had previously been a heavy drinker. His diet 
had been inadequate for 2 years, consisting mostly of 


oatmeal and some sort of stew. He took no milk, fruit 
or vegetables. He suffered frequently from the common 
cold. The patient weighed 146 pounds and did not appear 
ill. The skin was slightly icteric. The liver was en- 
l^^Rcd, firm and tender and the abdominal veins were 
dilated. The urine contained bile and urobilin. The ic- 
teric index was 21. Red blood cells numbered 5.8 million 
per cubic millimeter and the blood contained 13 grams 
hemoglobin per 100 cc. The plasma vitamin A was 25 
U.S.P. units per 100 cc. and the plasma carotene was 
0.06 mgm. per cent. No vitamin C was detected in the 
plasma. A diagnosis of cirrhosis of the liver was made. 

Due to the low level of vitamin A in the plasma, this 
patient provided an opportunity to study the immunologi- 
cal phenomena while the plasma vitamin A was kept at 
a low level and then to observe the possible effects of 
the administration of cod liver oil in amounts sufficient to 
raise the plasma level of vitamin A to normal. 

A 175-day period of observation was begun on Sep- 
tember 24 when the patient was placed on the vitamin A 
deficient diet supplemented daily with 20 mgm. thiamine 
chloride, 200 mgm. nicotinic acid and 30 grams dried 
brewers’ yeast. This vitamin A deficient regime was 
continued for 26 days during which time the plasma level 
of vitamin A was never above 45 U.S.P. units per 100 
cc. and the plasma level of carotene was never above 
0.080 mgm. per cent. At the beginning of this 26-day 
period, there was still no vitamin C in the plasma and 
the white blood cell-platelet layer contained only S nigni. 
per 100 grams. One thousand mgm. of vitamin C were 
given daily from the 2nd to the 6th day, at which time 
the plasma content of vitamin C had risen to l.OS mg™- 
per cent and the concentration in the white blood cell- 
platelet layer was 25 mgm. per 100 grams. From the 
6th to the 26th day, the patient received 200 mgm. vitamin 
C daily and the plasma level of vitamin C remained within 
the normal range. 

From the 26th to the >11 5th day, the vitamin A de- 


ficient diet, the daily supplements of the vitamin B com- 
plex and 200 mgm. of vitamin C daily were continued as 
before but adequate amounts of vitamin A in the form 
of a cod liver oil concentrate were given daily. From 
the 26th to the 31st day, 300,000 U.S.P. units of vitamin 
A were given daily. By the 29th day, the plasma eve 
of vitamin A had risen to 118 U.S.P. units per 100 cc. 
but the plasma carotene level was still low, 0.050^ mgm. 
per cent. Because of diarrhea, the cod liver oil was 
discontinued on the 31st day. From the 45th to the^ r 
day, 100,000 U.S.P. units of vitamin A were given dai y 
and the plasma levels varied from 75 to 97 H.S. • 
per 100 cc. From the 73rd to the llSth day, the dai y 
dose of vitamin A was increased to 200,000 U.S.P. iJni 
and during this period the plasma content varied 
to 157 U.S.P. units per 100 cc. Meanwhile, the plasm 
levels of carotene progressively decreased to 0.015 mgm. 
?er cent, probably because of the absence of 
containing foods from the diet. From 
LlSth day, the plasma and white blood cell-platelet 
3 f vitamin C remained within the normal range du 
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the administration of adequate amounts of the vitamin 
daily. 

From the IlSth to the 17Sth day, the patient continued 
to receive 200,000 U.S.P. units of vitamin A daily plus 
the vitamin B complex but all sources of vitamin C were 
removed from the diet and no supplements of vitamin C 
were given. The plasma levels of vitamin A and caro- 
tene remained at their former values during this final 
period of study but the plasma level of vitamin C grad- 
ually fell to zero by the 175th day. 

On the 112th day, a dose of cod liver oil containing 
300,000 U.S.P. units of vitamin A was given and the 
plasma level of the \'itamin rose from a fasting value of 
253 to 815 U.S.P. units per 100 cc. in 5 hours and then fell 
to 157 U.S.P. units per 100 cc. in the next 20 hours. 

During the studies the patient suffered several attacks 
of the common cold ; two of them occurred while he was 
taking vitamin A and ■^•itamin C. The jaundice and ab- 
dominal pain gradually disappeared. The patient gained 
approximately 25 pounds in weight. 

Although marked changes were produced and 
maintained in the plasma levels of vitamin A and 
vitamin C by the addition or removal of these sub- 
stances from the diet, noteworthy alterations in the 
results of the immunological tests were not ob- 
sen'ed (Figures 3 and 4). Furthermore, abrupt 
rises in the plasma content of vitamin A were in- 
duced by the administration of a large dose of this 
vitamin. Materials for the immunological tests 
were obtained from each patient just before the 
administration of the vitamin A, at a time when 
the plasma levels of this vitamin were normal, and 
again 5 hours later when the levels were 393 and 
815 U.S.P. units per 100 cc., respectively. In 
neither instance were the results of the immuno- 
logical tests appreciably influenced by the abrupt 
increase in the vitamin A content of the plasma. 

(6) The influence of vitamin C deficiency upon 
immunological phenomena 

Immunological studies were made at regular in- 
tervals in each of two patients who were kept on 
the regime deficient in vitamin C until they were 
thoroughly depleted of the vitamin and who were 
then given amounts of vitamin C adequate to re- 
store the plasma and white blood cell-platelet levels 
to normal. 

A fit; a S4-year-old white male, was admitted to the 
hospital on October 31, 1940. His chief complaint was 
pain in the left upper portion of the chest anteriorly and 
the left shoulder and arm. These pains were due to 
a mild arthritis of the dorsal spine and left shoulder joint. 


The patient was in good condition and well nourished. 
The plasma vitamin C was 0.21 mgm. per cent on No- 
vember 27. 

A 130-day period of observation was begun on No- 
vember 29, when the patient was placed on the vitamin C 
deficient diet supplemented daily with 20 mgm. thiamine 
chloride, 100 mgm. nicotinic acid, 2 mgm. riboflavin, 30 
grams dried brewers’ yeast and 100,000 U.S.P. units of 
vitamin A in the form of a cod liver oil concentrate. The 
plasma level of vitamin C fell gradually and reached zero 
by the 34th day, at which time the concentration of as- 
corbic acid in the white blood cell-platelet layer was 10 
mgm. per 100 grams. Vitamin C was absent from the 
plasma from the 34th to the 97th day and during this 
interval of 63 days the amount of ascorbic acid in the 
white blood cell-platelet layer varied from 3 to 9 mgm. 
per 100 grams. 

From the 97th day to the end of the study (a period of 
33 days), 200 mgm. of vitamin C were given by mouth 
daily but the regime was otherwise unchanged. On the 
102nd day, no vitamin C was present in the plasma and 
the amount of ascorbic acid in the white blood cell-platelet 
layer was only 5 mgm. per 100 grams. Thereafter, the 
plasma level of vitamin C rose slowly to 0.88 mgm. per 
cent by the 130th day, at which time the concentration in 
the white blood cell-platelet layer was 20 mgm. per 100 
grams. 

Throughout the study the patient received large daily 
doses of vitamin A. This resulted in a rise in the plasma 
level of vitamin A from an initial value of 105 U.S.P. 
units per 100 cc. to values which were usually above 150 
and frequently exceeded 300 U.S.P. units per 100 cc. 
The diet was deficient in foods containing carotene so 
that, in spite of the high levels of vitamin A in the plasma 
and the large daily doses of cod liver oil, the plasma caro- 
tene level fell from an original value of 0.135 mgm. per 
cent to 0.040 mgm. per cent on the 88th day and was only 
0.065 mgm. per cent on the 130th day. 

Signs or symptoms of scurvy did not appear although 
vitamin C was absent from the plasma for 63 consecutive 
days and the amount of ascorbic acid in the white blood 
cell-platelet layer was reduced to 3 mgm. per 100 grams. 
This observation was not unexpected since Crandon et at. 
(13) and Ralli and Sherry (14) have also reported in- 
stances in which vitamin C has been absent from the 
plasma for considerable periods of time without clinical 
evidence of scurvy. In Crandon’s report (13), a diet de- 
ficient in vitamin C was continued for 140 days before the 
first clinical signs of scurvy appeared. In the present 
case there was little doubt that the patient’s tissues had 
been thoroughly depleted of vitamin C as 5900 mgm. of 
the vitamin were required to resaturate the plasma and 
white blood cell-platelet layer. 

The patient gained approximately 33 pounds in weight 
during the study, thus emphasizing the adequacy of the 
diet in other respects. 

The depletion of vitamin C in this patient and 
the subsequent saturation of the tissues by the ad- 
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Fig. 3. Results of Immunological Tests in Patient W. W. 

* This determination was made 2 hours after the patient had taken cod liver oil and does not represent 
the fasting level of vitamin A. 

**This figure is the level of vitamin A S hours after the administration of 300,000 U.S.P. units of 
vitamin A. The immunological tests were performed on materials obtained immediately previous to and S 
hours after the administration of the vitamin A. 
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Fig. 4. Results of Immokolocical Tests in Patient T. O. 


‘This figure is the level of vitamin A 5 hours after the administration of 300,000 U.S.P. units of 
vitamin A. The immunological tests were performed on materials obtained immediately previous to and 5 
hours after the administration of the vitamin A. 
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ministration of ascorbic acid produced no signifi- 
cant alterations in the results of the immunological 
tests (Figure 5). During the final 5 weeks of 
the study, when the patient was receiving 200 mgm. 
of vitamin C daily and the plasma levels were pro- 
gressively increasing, determinations of the influ- 
enza virus inactivating substance in the nasal secre- 
tions yielded one result definitely below the average 
and two results clearly higher than the average. 
These variations appear to have little significance 
because fluctuations of equal or greater magnitude 
were frequently demonstrated in the titers for this 
substance in nasal secretions obtained from normal 
persons (Figure 2). Five of the final seven 
phagocytic indices for type two pneumococci ex- 
ceeded the upper limits of the values previously 
observed. This increase in the phagocytic power 
of the blood was probably unrelated either to the 
vitamin C deficiency or to the subsequent satura-- 
tion of the tissues with ascorbic acid because the 
indices were significantly increased before the pa- 
tient was given vitamin C and there was no com- 
parable increase in the indices for type one pneu- 
mococci. Furthermore, it was demonstrated by 
means of the mouse protection test that serum ob- 
tained during the 21st week of observation, when 
the phagocytic index for type two pneumococci 
was 7.52, contained type specific antibodies for 
type two pneumococci, whereas none was present 
in serum obtained during the 1 1th week. The test 
was performed by testing each specimen of serum 
with three dilutions of culture of pneumococci, 
namely, lO’S 10“®, 10'®. Three mice were in- 
jected with each mixture of serum and pneumo- 
cocci. All mice receiving mixtures of pneumo- 
cocci and serum taken in the 11th week died. All 
mice receiving mixtures of serum taken in the 21st 
week and pneumococci in a dilution of 10'^ and 
lO® also died but two of the three animals receiv- 
ing the KF® dilution of pneumococci (10 lethal 
doses per animal) survived. The elaboration of 
type specific antibody was most probably the re- 
sult of an actual stimulus by the specific antigen. 

Of special interest was the observation that the 
amount of complement in the blood serum as meas- 
ured by the technique described above was not de- 
creased in this patient during the period of vitamin 
C deficiency. This confirms the report of Cran- 
don et al (13) who found no decrease in serum 


complement despite a severe depletion of vitamin 
C. Others (15, 16) have stated that a decrease 
in complement parallels a deficiency in vitamin C. 

L. N., a 34-year-old negro male with a history of alco- 
holism, was admitted to the hospital on April IS, 1941. 
He had an acute alcoholic gastritis but it subsided in a 
few days. He was in a good state of nutrition. 

A 47-day period of observation was begun on April 24 
when the patient was placed on the vitamin C deficient 
diet with daily supplements of 10 mgm. thiamine chloride, 
100 mgm. nicotinic acid and 30 grams of dried brewers’ 
yeast. On the 5th day, daily supplements of 100,000 
U.S.P. units of vitamin A in the form of a cod liver oil 
concentrate were begun. This regime was continued for 
40 days and during this period the plasma level of vitamin 
C remained at zero and the concentration of ascorbic acid 
in the white blood cell-platelet layer varied between 6 and 
9 mgm. per 100 grams. 

On the 40th day, daily supplements of SOO mgm. of 
vitamin C were added. By the 47th day, the plasma vita- 
min C had risen to 1.25 mgm. per cent and the level in 
the white bood cell-platelet layer had increased to a value 
of 33 mgm. per 100 grams. 

The amount of vitamin A in the plasma ranged from 
78 to 195 U.S.P. units per 10.0 cc, during the 47 days of 
observation while the amount of carotene in the plasma 
decreased from an initial value of 0.080 mgm. per cent 
to a final value of 0.065 mgm. per cent. 

On the 27th day, the patient developed an acute pharyn- 
gitis with cervical lymphadenopathy and fever of 102.6 
F. Beta hemolytic streptococci, Lancefield group A, were 
isolated from the pharynx. The course of the illness was 
not unusual despite the deficiency in vitamin C and the 
patient was well by the 33rd day. Only symptomatic 
treatment was used. 

The deficiency of vitamin C in this patient was seyer^ 
This was shown by the fact that the amount of vitamin 
required to saturate the tissues (3500 mgm.) was approxi 
mately the amount required to saturate the tissues of pu 
tients suffering from scurvy (17). 

The patient gained 7 pounds in weight during the stu j. 

At no time during the period of observation 
were the titers of lysozyme in the nasal secretions, 
the amounts of complement in the blood serum or 
the phagocytic indices of the blood for pneumo 
cocci altered to a significant degree (Figure )• 
The fact that the phagocytic indices were not influ- 
enced either by the deprivation of vitamin C or y 
the subsequent saturation of the tissues with t 
vitamin supports the impression that the increase 
in the phagocytic indices for type two pneumococa 
observed in the previous patient (J. M.) subjec e^ 
to prolonged deprivation of vitamin C was unre 
lated either to the deficiency or to the administra- 
tion of the vitamin. 
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Fig. 6. Results of Immunological Tests in Patient L. N. 
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On the Other hand, the variations in the titer of 
influenza virus inactivating substance in the nasal 
secretions and of influenza virus neutralizing anti- 
body in the serum were of interest. The titers in- 
creased during the first 3 weeks of observation, 
remained at a high level in the 4th week and fell to 
lower levels in the 5tb and 6th weeks. These ob- 
servations were not readily explained. That they 
were related either to the depletion of vitamin C 
or to the saturation of the tissues with the vitamin 
is not clear since the titers both rose and fell during 
the period when the amount of vitamin C in the 
blood was extremely small and were not influenced 
appreciably by the administration of 500 mgm. of 
ascorbic acid daily for one week. The amount of 
vitamin A in the plasma was within normal limits 
during the entire period of study. The attack of 
pharyngitis did not occur until the 4th week, at 
which time the titers were decreasing. It could 
be suggested that the increase in virus neutralizing 
titers was due to specific infection with influenza 
virus. There was no clinical evidence that such 
infection had occurred. 

(c) The influence of a diet deficient in vitamin A 
upon immunological phenomena 

Immunological studies were made at regular in- 
i: ten'als on a patient who was kept on a diet de- 

l- fident in vitamin A for 17 weeks and who was 

then given large amounts of vitamin A daily during 
|i the final 2 weeks of study. In addition, materials 
for the various immunological tests were obtained 
before and 3 hours after the initial administration 
of vitamin A immediately subsequent to the period 
of deprivation in order to test the immunological 
phenomena at a time when the plasma was flooded 
with the vitamin. 

■d. M., a 33-year-old white male, was admitted to the 
hospital on December 23, 1940. Except for an ankylosing 
arthritis of the spine and hip joints, he was normal and 
well nourished. On admission, the vitamin C in the 
plasma was 0.09 mgm. per cent; the vitamin A in the 
plasma was 135 U.S.P. units per 100 cc. ; the carotene in 
the plasma was 0.110 mgm. per cent. 

A 126-day period of study was begun on January 28, 
when the patient was placed on the diet deficient in vita- 
nun A with daily supplements of 10 mgm. thiamine chlo- 
^ ride, 200 mgm. nicotinic acid, 30 grams of dried brewers' 
least and 200 mgm. vitamin C. Although this diet which 
was deficient in vitamin A was continued for 112 days. 


the level of vitamin A in the plasma never fell below the 
values observed in normal subjects. 

From the 113th to the 126th day, a daily supplement of 
100,000 U.S.P. units of vitamin A in the form of a cod 
liver oil concentrate was added but the fasting levels of 
vitamin A in the plasma determined at weekly intervals 
were not affected appreciably. However, the level of 
vitamin A in the plasma determined subsequent to the 
period of deprivation and 3 hours after the initial dose of 
the vitamin did rise from a fasting value of 98 U.S.P. 
units per 100 cc. to 405 U.S.P. units per 100 cc. Three 
hours later it fell to a level of 310 U.S.P. units and was 
back again to a normal value of 123 U.S.P. units after 
24 hours. 

On the 7th day the daily supplement of vitamin C was 
reduced to 100 mgm. but, despite the fact that this amount 
of ascorbic acid is known to be adequate (9), the level 
of vitamin C in the plasma fell from 1.06 mgm. per cent 
and by the 70th day was 0J9 mgm. per cent. On the 
105th day, the daily supplement of vitamin C was in- 
creased to 200 mgm. for 6 days. Although the level of 
vitamin C in the plasma rose only to a value of 0.43 mgm. 
per cent, the concentration in the white blood cell-platelet 
layer was 22 mgm. per 100 grams. 

The amount of carotene in the plasma fell progressively 
from an initial value of 0.095 mgm. per cent to a value 
of 0.025 mgm. per cent on the I26th day. This was prob- 
ably due to the absence of carotene from the diet. 

The patient remained well and gained IS pounds in 
weight during the study. No manifestations of a de- 
ficiency in vitamin A were detected. 

If the level of vitamin A in the plasma reflects 
the concentration of the vitamin in the tissues, this 
patient cannot be considered to have been depleted 
of vitamin A. The 17-week period on the regime 
deficient in vitamin A did not appreciably lower 
the level of the vitamin in the plasma. Further- 
more, the response, as measured by the level of 
vitamin A in the plasma following the administra- 
tion of 100,000 U.S.P. units of the vitamin subse- 
quent to the period of deprivation, was similar to 
the response observed in normal subjects after the 
same dose (8) . Granted that a definite deficiency 
in vitamin A -was not produced in this patient, the 
fact remains that both during a prolonged period 
of deprivation of the vitamin and during a subse- 
quent period of 2 weeks when the patient was 
given large doses of vitamin A daily, no note- 
worthy alterations in the results of the immuno- 
logical tests were obsen’cd (Figure 7). Briefly 
stated, a period of 17 weeks on a diet deficient in 
vitamin A had no appreciable influence on the 
immunological reactions which were measured. 
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Fig. 7. Results of Immunological Tests in Patient A. M. 

* This figure is the level of vitamin A 3 hours after the administration of 100,000 U.S.P. units of 
vitamin A. The immunological tests were performed on materials obtained immediately previous to an 
3 hours after the administration of the vitamin A. 
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DISCUSSION 

The majority of studies (2) concerning the 
relation of vitamin deficiencies and resistance to 
infection are open to certain obvious criticisms. 
In the human subject most investigations have 
dealt with nutritional deficiency diseases which 
are rarely, if ever, attributable to deficiency of a 
single vitamin. In addition, most studies have 
only extended over a brief period of time and 
other dietary factors have not been adequately 
controlled. Moreover, the immunological exam- 
inations have usually considered but one phenom- 
enon. In animal experiments, as for instance 
those reporting close correlation between comple- 
ment activity and vitamin C content of the blood 
(18), the parallel loss in weight due to the cessa- 
tion of eating has been disregarded. The plan of 
the present investigation has sought to eliminate 
these objections. All patients received diets ade- 
quate both in calories and essential foodstuffs ; in 
addition, large amounts of vitamins were given 
daily excepting the specific vitamin, the influence 
of which was 'to be determined. The observa- 
tions extended over relatively long intervals; the 
shortest period was 6 weeks, while the others 
lasted from 14 to 26 weeks. Under these con- 
ditions, repeated immunological determinations 
could be made in each phase of dietary modifica- 
tion and errors due to single observations were 
avoided. The patients were kept in the hospital, 
the diets were controlled so that all patients 
gained weight and the daily supplements of vita- 
min were accurately administered. Control ob- 
servations of normal subjects on an average diet 
were similarly conducted. The immunological 
reactions studied included supposedly physiologi- 
or natural phenomena such as complement, 
lysozyme and pneumococcidal activity, together 
With apparently specific immune reactions to in- 
fluenza virus. Thus the influence of pronounced 
and sustained shifts in the concentrations of vita- 
min A or vitamin C in the blood was more likely 
to be detected. These two vitamins were selected 
for study because they have received the most 
attention in the relation of vitamins to resistance. 

Under the experimental conditions described no 
consistent parallelism between the amount of vita- 
min A or vitamin C in the blood and the degree 
of immunological activity has been observed. 


Fluctuations in the titers of the various reactions 
occurred but they varied within narrow limits 
with relatively few exceptions. Nor were they 
essentially different from the variations noted in 
the normal controls. Only two possible correla- 
tions were suggested. Examination of Figures 3, 
4, 5, 6 and 7 shows that at many points the curve 
representing the titer of lysozyme in the nasal 
secretions tends to follow the curve representing 
the level of vitamin A in the plasma. The paral- 
lelism is not consistent, however, and in several 
instances the two curves obviously diverge. In 
the two patients subjected to prolonged depriva- 
tion of vitamin C and vitamin A, respectively 
(Figures 5 and 7), another feature was observed. 
In the periods at the beginning and end of the 
study when the vitamin levels in the blood were 
normal a rather constant fluctuation in the titers 
of lysozyme and virus inactivating substance in 
the nasal secretions was seen but in the interval of 
prolonged vitamin deprivation the fluctuations dis- 
appeared and a constant level was obtained. The 
data do not permit of any further comment. 

In view of the reported influence of vitamin C 
upon complement (15, 16), it is interesting to 
note that in the cases herein reported the com- 
plement titrations were rather uniform whether 
the vitamin C stores were depleted or whether an 
excess of vitamin C was administered. This is in 
accord with acute experiments described by Spink 
et al. (19). The results in general have failed to 
disclose a significant effect of vitamin A or vita- 
min C upon the phenomena involved in the sero- 
logical tests. 

The immunological tests employed in this study 
represent reactions that have been found to occur 
under conditions of health. Whether or not they 
may serve as reliable indices of resistance to in- 
fection is not certain since their role in the nat- 
ural resistance of man has not been clearly deter- 
mined. Because of the multiplicity of factors that 
constitute the mechanisms of virulence, suscepti- 
bility and host resistance, it is obvious that broad 
conclusions cannot be drawn from the present 
findings. However, the tests that were employed 
were arbitrarily selected because of their diversity 
and because each represents a biological phenome- 
non which is either antibacterial or antiviral in 
its action. They illustrate, therefore, certain 
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types of immunological reactivity of the patients 
under conditions of vitamin deficiency and ade- 
quacy and furnish information concerning them. 
Certain additional observations suggest that not 
only was the immunological reactivity of the pa- 
tients, as measured b}' the tests, unimpaired, but 
that the ability of the patients to resist infection 
was also intact. L. N. developed a hemolytic 
streptococcal pharyngitis during the lime when he 
was severely depleted of vitamin C, yet the clinical 
course of the infection was not remarkable and 
recovery was complete despite the lack of specific 
therapy. Furthermore, in this same patient the 
titers of influenza virus inactivating substance in 
the nasal secretions and influenza virus neutraliz- 
ing antibody in the serum tended to increase during 
the time when he was being depleted of vitamin C 
and there was no ascorbic acid detectable in the 
plasma. A. M. was repeatedly exposed to L. N. 
when he had the pharyngitis, yet A. M. developed 
no signs of illness despite the fact that he was on 
the diet deficient in vitamin A. It is to be recalled 
that J. M. developed type specific antibodies for, 
type two pneumococci in his serum when he was 
severely depleted of vitamin C. This was pre- 
sumably due to an infectious stimulus, yet no 
signs of illness appeared. Only one of the pa- 
tients contracted severe colds during the period of 
study and he (T. O.) had two rather severe upper 
respiratory infections at the time when he was 
receiving large doses of vitamin A and vitamin 
C daily. 

It was not the purpose of the study to produce 
the clinical manifestations of a deficiency either of 
vitamin A or vitamin C. Severe depletion of 
vitamin C was produced in each of two subjects 
but a parallel deficiency in vitamin A, as measured 
by the level of the vitamin in the plasma, was not 
produced by a diet low in the vitamin in spite of 
the fact that one patient was kept on such a diet 
for 17 consecutive weeks. Apparently, the pro- 
duction of a deficiency in vitamin A requires con- 
siderably more time than had been allowed. This 
is probably due to the fact that the stores of 
vitamin A in the livers of human individuals are 
considerable (20). Murrill et al. (21) kept two 
normal persoVis on a diet deficient in vitamin A 
for 39 and 4^ days, respectively, but the plasma 
levels of the vi\amin were not significantly altered. 
They concluded that the concentration of vitamin 
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A in the plasma is altered only in extreme cases of 
vitamin A deficiency. 

It was interesting that the level of carotene in 
the plasma fell significantly in each of the patients 
on the diet low in vitamin A (and carotene). It 
is probable that the decrease in the plasma levels 
of carotene may be taken as evidence of the lim- 
ited amount of available vitamin A in the diet 
since carotene is the precursor of vitamin A and 
is the form in which the vitamin is normally in- 
gested. Murrill ct al (21) also noted a decrease 
in the plasma levels of carotene in their two 
patients kept on diets low in vitamin A. 

SUMMARY 

The influence of vitamin A and vitamin C upon 
a series of immunological phenomena in human 
individuals has been investigated. Each of five 
patients was given a diet adequate in all factors 
but for the specific vitamin, the effect of which 
was to be determined. The subjects were studied 
for periods of 14, 26, 20, 6 and 19 weeks, respec- 
tively. Determinations of the amount of vitamin 
A, carotene and vitamin C in the plasma and, in 
certain instances, measurements of the concentra- 
tion of vitamin C in the white blood cell-platelet 
layer were made at weekly or bi-weekly intervals. 
At similar intervals, observations were made on 
the following immunological reactions: (I) the 
capacity of the patient’s nasal secretions to inac- 
tivate influenza virus; (2) the titer in the patients 
blood serum of neutralizing antibodies for influ- 
enza virus; (3) the activity of lysozyme in the 
nasal secretions; (4) the titer of complement m 
blood serum; and (5) the phagocytic activity for 
pneumococci of polymorphonuclear neutrophi ic 
leukocytes in heparinized blood. 

The results of the various immunological tests 
were not significantly influenced by the following 
conditions: (1) marked and prolonged changes m 
the plasma levels of vitamin A or vitamin C or 
abrupt rises in the concentration of vitamin A m 
the plasma (two patients) ; (2) severe deficiency 
in vitamin C followed by a period during w 
the subjects were flooded with the vitamin (two 
patients); (3) a period of 17 consecutive wee -s 
on a regime deficient in vitamin A followed y 
period of 2 weeks during which the 
ceived large doses of the vitamin daily. Certai 
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variations in the results of the immunological 
tests occurred but these alterations were either no 
more marked than those occurring in normal per- 
sons or were adequately explained on some basis 
other tlian a deficiency or sufficiency of vitamin 
A or vitamin C. 

The authors wish to express their appreciation of the 
assistance given by Drs. Eli Bauman and Sol Sherry in 
the early part of the study. 
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The purpose of this report is to present data, 
obtained on premature infants, demonstrating that 
one of the factors determining the need for as- 
corbic acid is the level of protein intake. It is 
proposed that this factor plays a role in the greater 
requirement of artificially fed babies, as compared 
to breast-fed infants, for supplements containing 
this vitamin. 

Long before actual data were available as to the 
daily total ascorbic acid requirement of the new- 
born infant, or as to the amount of the vitamin 
present in human and other milks, it was the com- 
mon clinical observation that when scurvy oc- 
curred in infancy it was in the artificially fed baby. 
It was assumed that the protection of the breast- 
fed infant against the disease could be attributed 
to the antiscorbutic activity of breast milk. This 
opinion was confirmed by experimental evidence, 
which has been well summarized in a recent re- 
view by Smith (1). The evidence includes the 
important findings of Selleg and King (2) who 
showed that the actual amount of ascorbic acid 
received by an infant ingesting an adequate vol- 
ume of breast milk from a mother whose diet is 
adequate in this factor closely approaches the 
amount which other observers have determined to 
the approximate daily requirement of the new- 
orn infant. Determinations of blood plasma as- 
corbic acid levels by Eraestrup (3), Mindlin (4, 
). Snelling (6) and others in babies of various 
®Scs, but particularly in the first weeks of life, re- 
veal that these levels are on the average much lower 
m ormula-fed than in breast-fed infants. More- 
over, Mindlin (5) demonstrated a definite rela- 
o'f the plasma ascorbic acid level 

° J mfant and the amount shown to be present 
fo ^ d milk. However, Mindlin also 

75^” supplements of 20 to 

fa ascorbic add daily, formula-fed in- 

the ? _^ower levels, determined 16 hours after 
sst vitamin C dose, than did breast-fed in- 


fants receiving no supplements, and Braestrup (3) 
observed that daily dosages of 20 mgm. of ascorbic 
acid had a slow effect in raising the plasma levels 
in babies given boiled cow’s milk. These obser- 
vations are only partially explained on the assump- 
tion that the ascorbic acid requirement of the 
breast-fed and the formula-fed infant is the same, 
and that the former receives all or part of it in 
milk whereas the latter, whose feeding is prepared 
by heating in the presence of air, receives prac- 
tically none. The supposition that the total daily 
requirement of infants receiving cow’s milk is 
actually higher than that of infants receiving hu- 
man milk is more completely consistent with the 
findings of the authors cited. 

The suggestion that the daily protein intake, 
which is usually at least twice as high with cow’s 
milk formulas as with human milk, might play a 
role %vas made by Levine, Gordon, and Marples 
(8) as a result of observations on the amino acid 
metabolism of infants. They demonstrated the 
excretion of incompletely oxidized derivatives of 
phenylalanine and tyrosine in the urine of prema- 
ture infants whose diet contained a relatively high 
protein intake (5 grams or more per kilogram per 
day) and of full-term infants to whom these 
amino acids were administered when no vitamin 
C supplements were being given, and they further 
observed that suffidently large doses of ascorbic 
add diminished or abolished the excretion of the 
derivatives (8, 9, 10) . These results indicate that 
vitamin C plays an important role in the inter- 
mediary metabolism of aromatic amino adds, an 
interpretation consistent with the findings of Sea- 
lock and his colleagues (11, 12) that scorbutic 
guinea pigs also excrete derivatives of tyrosine and 
phenylalanine, and that the feeding of tyrosine in- 
creases the ascorbic add requirement of these 
animals. Ley (13), in coimection with clinical 
observations in the newborn, made the suggestion 
that the indiridual infant’s requirement for this 
139 
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vitamin may be related to activity and to inter- 
mediary metabolism. 

As a practical means of investigating the rela- 
tionship between diet in infancy and vitamin C 
requirement, hvo groups of premature infants 


were studied, one of which received boiled human 
milk and the other cow’s milk formulas. By 
means of a modified Kadji test (14) the ascorbic 
acid stores of both groups following saturating 
doses of the vitamin were determined. 


TAHLE I 

Ascorbic acid storage in premature infants on different intakes of protein 
INFANTS RECEIVING HUMAN MILK 






"Saturation 
dose" of 

Day of test 

Days 


Test dose 

Plasma ascorbic 





ascorbic acid 









Birth 

weight 






elapsed 

between 

Batura- 





Name 

Sex 

Protein average 













Total 

D.ays 

Age 

Wciglit 

tion and 
test 


Route 

Before test 
dose 

after 

test 

dose 



kern. 

grams per kgm. 
per day 

tngm. 


days 

kgm. 


mgm. 


mgm. per 

100 cc. 

J.H. 

F 

2.38 

2.6 

800 

4 

16 

2.60 

6 

100 

Intramuscular 

0 

1.6 

B. U. 

F 

2.12 

2.7 

900 

5 

13 

2.41 

5 

100 

Intramuscular 

0.3 

1.3 

H. R. 

M 

2.34 

2.7 

900 

5 

19 

2.52 

7 

100 

Intramuscular 

0 

1.7 

A. S. 

F 

2.13 

2.7 

900 

5 

17 

2.24 

7 

100 

Intramuscular 

0.5 

3.5 

2.6 

1.4 

1.8 

1.5 

1.9 

2.0 

1.9 

R. PI. 

F 

2.00 

2.8 

800 

4 

26 

2.44 

6 

200 

Oral 


J. R. 

M 

2.33 

2.7 

800 

4 

16 

2.48 

7 

200 

Oral 


R. Pu. 

M 

1.71 

2.7 

800 

4 

IS 

1.98 

7 

200- 

Oral 


C. C. 

F 

2.28 

2.7 

800 

4 

22 

2.56 

7 

200 

Oral 


D. C. 

F 

2.09 

2.6 

800 

4 

19 

2.33 

7 

200 

Oral 


A. C. 

F 

1.99 

2.7 

800 

4 

19 

2.17 

7 

200 

Oral 


P. G. 

M 

1.98 

2.6 

800 

4 

21 

2.45 

7 

200 

Oral 

0.8 

C. B. 

F 

1.84 

2.7 

800 

4 

16 

2.13 

6 




F, D. 

F 

1.75 

2.7 

900 

5 

20 

2.03 

7 



0.1 













Average 

1.9 


INFANTS RECEIVING COW’s MILK FORMULAS 







"Saturation 





Test dose 




Feeding 

<dose 

” of 

Day of test 

Days 

elapsed 




Birth 



ascorbic acid 





Name 

Sex 


Type of 
milk* 





satura- 
tion and 



weight 






Protein 

Total 

Days 

Age 

Weight 

test 


Route 




grams per 











kgm. 

day per 
kgm. body 


mgm. 


days 

kgm. 


mgm. 


T. M. 

M 

1.80 

weight 

5.9 

PWM 

900 

5 

18 

2.11 

7 

100 

Intramuscular 

M. S. 

F 

2.13 

5.0 

Olac 

EM 

900 

5 

20 

2.66 

7 

100 

Intramuscular 

C. M. 

M 

1.79 

4.6 

EM 

900 

5 

19 

2.06 

5 

100 

Intramuscular 

P. V. 

F 

1.66 

4.7 

EM 

800 

4 

19 

2.16 

6 

200 

Oral 

P. Mo. 

F 

2.16 

6.1 

Alacta 

800 

4 

19 

2.68 

6 

200 

Oral 

P. Me. 

F 

2.27 

4.8 

EM 

800 

4 

23 

2.69 

7 

200 

Oral 

C. T. 

F 

1.45 

6.1 

Olac 

800 

4 

45 

2.02 

7 

200 

Oral 

C. L. 

F 

2.23 

6.1 

Alacta 

800 

4 

19 

2.69 

7 

200 

Oral 

S. M. 

M 

2.31 

4.7 

EM 

800 

4 

25 

2.53 

7 

200 

Oral 

P. J. 

T. Z. 

F 

1.99 

4.9 

EM 

800 

4 

15 

2.28 

7 

200 

Oral 

M 

2.05 

4.7 

EM 

800 

4 

15 

2.34 

7 

200 

Oral 

C. G. 

F 

1.85 

7.0 

Alacta 

800 

4 

18 

2.21 

6 



F. T. 

M 

2.35 

5.9 

Alacta 

900 

5 

19 

2.53 

8 





Plasma ascorbic 
acid level 


Before test 
dose 


4 hours 
after 
test 
dose 


mgm. per 


0 

0.2 


0.2 

0.1 

Average 


0.5 

1.0 

1.4 
1.2 
0.6 
0.3 
1.6 
0.2 

,0.4 

0.1 

1.5 


0.8 


* Abbreviations PWM and EM refer to powdered whole milk and evaporated milk, respectively. 
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PROCEDURE AND METHODS 
Subjects and diets 

The subjects were 26 premature babies whose birth 
weights and other significant data are tabulated in Table 
I. Except for the formulas and ascorbic acid.i none of 
the infants received other food or medication except 5 
per cent glucose on the first day or two of life, and a 
concentrate of vitamins A and D beginning usually about 
the seventh day. No infants who required transfusions 
were included. One group of infants received pooled 
human milk obtained chiefly from mothers of infants on 
the ward and prepared by boiling for 20 minutes in the 
formula room at the hospital. Formulas of cow's milk 
of isocaloric value but of varj'ing composition were given 
to the second group, some being prepared from evaporated 
milk, some from Olac,^ a mixture having the proportions 
of whole cow’s milk but in which the butter fat is re- 
placed by olive oil, and some from Alacfa,- a preparation 
of cow’s milk from which more than half of the fat has 
been removed. All of the latter formulas contained added 
sugar and all were boiled. Vitamin C analyses were made 
on occasional samples and will be discussed later. 

Ascorbic acid administration 

Observation on each infant was begun when he or she 
reached an age and state of vigor at which he was able 
to take a full formula providing about 120 to 125 calories 
per kilogram of body weight per day. The average age 
was 10 days. In order to saturate the tissues with as- 
corbic acid, 800 to 900 mgm. were given in divided doses 
over a period of 4 to S days. The vitamin doses were 
given by mouth in every instance except in 4 infants in 
whom it was decided to obtain a check on the fact that 
these enormous doses actually did "saturate” the body. 
In these 4 infants the final dose was an intramuscular one 
of 100 mgm. ascorbic acid which was followed by a test 
similar to that of Kadji, Light and Kadji (14). The 
results are recorded in Table II. 

During an interval of 5 to 8 days following the last 
dose of ascorbic acid, the infant was given no additional 
source of the vitamin. The diet during this interval, as 
well as during the days when the “saturation" doses of 
vitamin C were given, is shown for each infant in Table 
I, the figures for protein intake representing the average 
daily amount for the period. On the test day, ascorbic 
acid was given, either 100 mgm. intramuscularly in the 
gluteal region or 200 mgm. by mouth, between 7 :30 and 
9:30 a.m. Four hours later a venepuncture W’as per- 
formed to obtain blood for the determination of plasma 
ascorbic acid. In addition, in all of the infants who were 

^ Prior to the “saturation” doses of ascorbic acid listed 
in Table I, the following infants had received a number 
of daily doses of 25 mgm. each: infants H. R., C. C, 
S., P. M., C. T., and S. M. received, respectively, 

2, 1, 5, 17, and 7 doses. Infant R. PI. received 25 mgm. 
daily on the eighth to eleventh days of life and 200 mgm. 
daily on the twelfth through the fifteenth days. 

•Manufactured by Mead Johnson and Co. 


TABLE II 

Test for saturation on day after four successive daily doses 
of ZOO mgm. of ascorbic acid 

Test dose, 100 mgm. intramuscularly. 


Subject 

Feeding 

Plasma ascorbic add level 

18 hours 
after last 
oral dose 

4 hours 
after test 
dose 

Increase 



tnzm. per 

rngm. per 

mgm. per 



100 cc. 

100 cc. 

100 cc. 

B.U. 

H. M. 

0.5 

2.8 

2.3 

F.D. 

H. M. i 

0.4 

2.6 

2.2 

H. R. 

H. M. i 

1.2 

3.0 

1.8 

C. M. 

E. M. 

0.8 

3.5 

2.7 


to receive the intramuscular test dose, a “fasting” plasma 
level was obtained just before the injection.^ 

Chemical methods 

The method for the blood plasma ascorbic acid deter- 
minations was essentially that of Mindiin and Butler 

(15) , using the Evelyn photocolorimeter. The method 
was modified by the omission of cyanide, as this has been 
shown to be unnecessary by Friedman, Rubin, and Kees 

(16) . Special care was taken to avoid hemolysis of the 
blood and to chill the samples soon after drawing, as 
recommended by Snelling and Jackson (17), and Heihe- 
mann and Hald’s precaution (18) of checking the pH of 
the metaphosphoric acid reagents by frequent titration 
was followed. In many instances it was undesirable or 
impossible to withdraw from the small veins of prema- 
ture infants sufficient blood to yield 2 cc. of plasma on 
centrifugation. After a preliminary study of the micro- 
method described by Mindiin and Butler (15), it was 
decided that more accurate results could be obtained by 
a modification of the macromethod, using smaller amoimts 
of plasma, precipitating them with metaphosphoric acid 
reagent and water in the proportions used in the macro- 
method, and diluting the filtrates as necessary with 022 
N metaphosphoric acid before making the colorimeter 
readings. In agreement with Heinemann and Hald (18), 
it was found that readings so obtained on an original 
sample of 0.8 cc. or more of plasma were entirely satis- 
factory. In a few instances in which turbid filtrates 
were obtained, the modification suggested by Bessey (19) 
was used. 

Milk samples were analyzed for ascorbic acid by a 
modification of Besse/s method (19). No ascorbic acid 

3 The reason for the change from a parenteral to an 
oral test dose was the occurrence in 2 infants of a rather 
severe local reaction characterized by sterile necrosis and 
sloughing. This was attributed to the acidity of the solu- 
tion and the possibility that, due to the small size of the 
gluteal muscles in premature infants, a portion of the dose 
may have inadvertently been injected subcutaneously 
instead of intramuscularly. 
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• Human milk o Olac or Alacto 

X Evaporated milk 

Fig. 1. Relation Between Protein Intake and Plasma Ascorbic Aan 
Level, 4 Hours After Test Dose 


was found either in boiled human or boiled cow's milk.'* 
A few attempts were made to use the method of Woess- 
ner, Elvehjem, and Schuette (20), which proved satis- 
factory except in a few instances in which a heavy 
turbidity could not be prevented.® 

RESULTS 

The findings are in accord with the opinion ex- 
pressed by Mindlin (7), Kadji, Light, and Kadji 

* We are indebted to Dr. Walter Golden for some of 
the milk analyses. 

® In two human milk samples, very turbid filtrates were 
obtained. Prior to correction, the ascorbic acid values 
corresponding to the galvanometer readings were actually 
less than zero, but after Bessey’s correction (19) was 
applied apparent reducing activity was present equivalent 
to 1.6 and 1.3 mgm. of ascorbic acid per 100 cc. If this 
were actually ascorbic acid, the maximum intake would 
have been 2.6 mgm. of ascorbic acid per kilogram per 
day, an amount which might conceivably aid in retention 
of tissue stores of the vitamin. However, it seems un- 
likely that ascorbic acid in reduced form could be present 
after 20 minutes of boiling in contact with air, especially 
since none was detected in milk specimens in which tur- 
bidity did not interfere. 


(14) and others, that the response to a test dose 
is more significant than single plasma ascorbic acid 
determinations. The latter show much variation 
even in infants of presumably the same nutri- 
tional status. For example, in Table II the “fast- 
ing” levels (18 hours after the last large dose of 
vitamin C) ranged from 0.4 to 1.2 mgm. per cent. 
Two additional plasma samples obtained from in- 
fants C. B. and C. G. under the same conditions 
contained 0.9 and 0.5 mgm. per cent, respectively. 
On the day of the final test, after 5 to 8 days 
without ascorbic acid, “fasting” levels ranged from 
0 to 0.8 mgm. per cent (Table I, next to last 
column). Little significance can be attached to 
these values except that, as might be expected, 
the 5- to 8-day interval invariably resulted in a 
lower “fasting” level. 

Plasma values at a suitable interval after a test 
dose (in this study, a 4-hour interval) are a tnojc 
reliable index of the true state of the body wit ’ 
respect to vitamin C storage. This is illustrate 
in Table II. In babies who were fully saturated, 
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the plasma ascorbic acid after a test dose rose to 
2.6 to 3.S mgm. per cent. 

Table I shows the results after a 5- to 7-day 
"depletion” interval in 22 babies, half of whom 
received boiled human milk and the others for- 
mulas made of cow’s milk. It is at once apparent 
that the former showed a much greater response 
to the test dose (Table I, last column). The 
values for the infants receiving human milk 
ranged from 1.3 to 3.5 mgm. per 100 cc, of 
plasma, while the others ranged from 0.1 to 1.6 
mgm. per cent. The average for the former 
group was 1.9 and for the latter 0.8 mgm. per 
100 cc. If exceptions are made of the 2 infants, 
R. PI. and C. T., who happened to receive large 
amounts of wtamin C prior to the “saturation” 
dose,^ the averages become 1.86 and 0.72 mgm. 
per 100 cc. for the "human milk” group and the 
“cow’s milk” group, respectively. All of the 
babies fed human milk showed a plasma response 
to the test dose of at least 1.2 mgm. per 100 cc., 
while of the babies receiving cow’s milk formulas 
only 3, one of w’hom was subject C. T. already 
mentioned, were above this level. 

Figure 1 shows graphically the difference be- 
tween the hvo groups which have been plotted so 
as to show the correlation between the response 
to the test dose of ascorbic acid and the level of 
protein intake. No such correlation was found 
with age, sex, birth weight, weight on the day 
of the test, or with any other variable except the 
type of feeding. 

DISCUSSION 

The greater response to the test dose of ascorbic 
acid in the group of infants receiving human 
milk than in those receiving cow’s milk formulas 
IS interpreted as meaning that the former were 
able to retain a greater amount of the “satura- 
tion” doses of the vitamin in their tissues. Pre- 
sumably, either something in human milk has a 

sparing” effect on the vitamin or something in 
cow’s milk calls for a more rapid use of it, or 
both factors play a part. The presence of as- 
corbic acid, as such, which may be abundant in 
fresh breast milk, seems almost surely eliminated 
by the prolonged boiling of the human milk used 
in this study.** 

The hypothesis is suggested that the vitamin C 
requirement of infants is raised as a result of a 


difference in composition of human milk and of 
cmv’s milk formulas. The most striking differ- 
ence is that in protein content, human milk having 
about 1.5 grams of protein per 100 cc., and there- 
fore providing, in the amounts given to these pre- 
mature infants, from 2.6 to 2.8 grams per kilo- 
gram per day, while the cow’s milk formulas con- 
tained amounts providing from 4.6 to 6.1 grams 
per kilogram per day. 

Linking the vitamin C requirement to the pro- 
tein in the diet is consistent with the aforemen- 
tioned observation of Sealock, Ziegler, and Driver 
(12) that guinea pigs given tyrosine in their diets 
require more ascorbic acid than controls, and with 
the findings of Levine, Gordon, and Marples (8) 
that the aromatic amino acids tyrosine and phenyl- 
alanine are incompletely metabolized by prema- 
ture babies in the absence of supplements of 
ascorbic acid. Whether the vitamin plays a role 
in the oxidative processes of intermediary metab- 
olism, or in the building of body protein, or both, 
is beyond the scope of this paper. 

SUMMARY 

Following a standard procedure of saturation 
with ascorbic acid, and a subsequent period of no 
ascorbic acid, the response of the blood plasma 
ascorbic acid level to a test dose of the vitamin 
was used as a criterion of the degree of satura- 
tion of the tissues. Observations were made in 
premature infants receiving boiled breast milk or 
artificial formula feedings. 

Eleven infants given human milk showed plasma 
ascorbic acid values ranging from 1.3 to 3.5 mgm. 
per 100 cc. 4 hours after a test dose of either 100 
mgm. of ascorbic acid intramuscularly or 200 mgm. 
by mouth, the average value being 1.9 mgm. per 
cent. Eleven infants whose feedings consisted of 
various cow’s milk formulas responded to test 
doses with values having a range of 0.1 to 1.6 
mgm. per cent, only 3 being above 1.2 mgm. per 
cent; the average was 0.8 mgm, per cent. 

The results are interpreted as signifying that 
premature infants receiving human milk retain a 
larger part of a saturation” dose of ascorbic acid 
in their tissues than do infants given cow’s milk. 
The hypothesis is offered that an increased daily 
requirement for vitamin C is related to a high level 
of protein intake. This explanation is in accord 
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with available evidence that ascorbic acid is con- 
cerned in the intermediary metabolism of aromatic 
amino acids. 
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Hemostasis in a skin wound is measured by the 
bleeding time. This phenomenon was first ob- 
served by Duke in 1910 (1). Improvements in 
the bleeding time technique, as described by Duke 
(1, 2), have since been made. Roskam (3) 
v’ashed the blood emerging from the wound with 
a fine jet of water at an even pressure and tem- 
perature in order to avoid disturbing the lips of 
the wound by blotting. Ivy, Shapiro, and Melnick 
(4) attempted to eliminate the variable of capil- 
lary tonus by applying the cuff of a sphygmoma- 
nometer around the arm with a pressure of 40 
millimeters of mercury. Tocantins (5) devised 
an instrument w’ith which he produced a uniform 
wound on the dorsal surface of the forearm. Dis- 
hoeck and Jongkees (6) produced surface skin 
wounds 4 mm. in diameter on the lobe of the ear, 
thereby cutting the capillaries wdthout injuring the 
larger vessels. 

In order to control most of the known factors 
which influence the bleeding time, we felt it neces- 
sary to adopt the principle introduced by Dottl 
and Ripke (7) of bleeding into fluid. Variations 
in temperature have been shown by Konig ( 8 ) and 
Roskam (3) to influence the bleeding time in men, 
and by Dottl and Ripke (7) and the authors (9) 
to influence the bleeding time in mice. In carrying 
out these tests the temperature was constantly kept 
at 37,5° C. CJianges of venous pressure, move- 
ments of the hand and arm, and pressure on the 
Wound margins in the process of blotting the blood 
have been eliminated. We were unable to control 
the size and the number of vessels cut. Never- 
theless, we attempted to keep more constant the 
factors of skin elasticity and the number and size 
of vessels cut by inflicting deeper puncture wounds 
than are commonly employed. The objective rvas 

^ Read in part before the Annual Meeting of the Fed- 
eration of American Societies for Experimental Biologj', 
Chicap, April 18, 1941. 

^ Aided by a grant from the Dazian Foundation for 
ifedical Research. 

’George A. Breon Fellow in Experimental Medicine. 


to devise a clinical method in which the experi- 
mental conditions have been standardized with 
reference to the variables which can affect the 
bleeding time. The application of bleeding into 
fluid permitted observations of new phenomena 
which we present. 

METHODS 

A constant temperature bath, capable of maintaining 
200 cc. of isotonic saline at 37.5° C. was constructed. 
We have called this portable bath with a support for the 
hand the hemorrhagometer (Figure 1), The terminal 
phalanx of the third or fourth finger was cleaned with 
alcohol and immersed for 2 minutes into the bath to attain 



Fig. 1. Hemoerbacometcr 


the temperature of the saline bath. Usually prick wounds 
of the finger tip inflicted with a stylet measure from 2-5 
to 3.5 mm. in depth. We found that it was necessary to 
use a stylet with a strong spring and produce a wound 
depth of 6 mm. to insure a free flow of blood. A me- 
chanical stj'Iet (Penn U.SA,. Qirome) with blade dimen- 
sions 0.5 X 2 X 6 mm. was used (Figure 1). We had 
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difficulty in maintaining the sharpness of the blade since 
commercial stylets are constructed of untempered steel. 
Area I of the finger, as shown in Figure 1, is to be pre- 
ferred, since injury to the periosteum or bone is least 
likely. The heated phalanx was removed temporarily 
while the prick wound was inflicted. During the test the 
subject sat quietly in an armchair. The position of the 
hand was kept at a level of 10 to 15 cm. below the base 
of the subject’s heart to eliminate changes in venous 
pressure. The bleeding time was measured with a stop 
watch from the moment the wound was inflicted until the 
flow of blood stopped. 

Two types of blood flow were differentiated following 
the production of the puncture wound: a non-pulsating, 
and a pulsating flow synchronous with the radial pulse. 
The pulsating flow may emerge with great force, perpen- 
dicular to the long axis of the finger; or it may flow 
directl}' down into the container. Not all perpendicular 
flows had pulsations synchronous with the heart beat. 
According to the amount of delivery of blood from the 
wound, the blood flow was further differentiated into 
various strengths: very strong (ss), strong (s), moderate 
(m), feeble (f), and very feeble (ff). Usually the flow 
of blood diminished in strength or volume until hemostasis 
occurred. In the Tables the listed strength of flow indi- 
cates the maximum output of blood which occurred dur- 
ing the test. Occasionally we observed fluctuations, 
feeble flows being followed by strong ones. 


The influence of various temperatures on the bleeding 
time was investigated, using saline solutions of the follow- 
ing temperatures: 12.5, 25, 37.5, and SO, + 1° C. 

We observed, in addition to the red or blood flow, a 
whitish flow which may be observed alone or simul- 
taneously with the red flow. The whitish flow, which 
we believe is a mixture of lymph, tissue fluid, and plasma 
was measured from the time the wound was inflicted 
until the flow stopped. We propose to name the duration 
of this whitish flow the “lymph time”, in differentiation 
from the bleeding time. It may be noted that for the 
observation of the “lymph time”, strong illumination 
and a clear physiological saline solution are required. 
At times this whitish flow may be interspersed with bead- 
like masses of blood and thus assumes a thread-like 
appearance. 

A latent period was measured from the infliction of the 
prick wound until the blood flow started. Clot appearance 
at the site of the wound was observed- during and follow- 
ing the bleeding time. The size and appearance of this 
external clot were studied. 

The effect of capillary tonus (4) was investigated by 
applying a cuff-pressure of 40 mm. Hg around the arm, 
after which the bleeding time and “lymph time” were de- 
termined. In another series of investigations, immedi- 
ately after the “lymph flow” had stopped, a cuff-pressure 
of 100 mm. Hg was applied for 3 minutes in order to 
observe whether a blood flow or “lymph flow” could be 
provoked. 
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RESULTS 

Bleeding time 

Figure 2 illustrates the frequency distribution 
of 334 single determinations of bleeding time in 
174 subjects composed of medical students, the 
clinic staff and ambulatory clinic patients. The 
bleeding times ranged from 17 to 340 seconds. 
Eightj'-seven per cent were from 30 to 180 sec- 
onds, and 95 per cent fell between 17 and 180 
seconds. Five per cent of the values were found 
to be over 180 seconds. We consider bleeding 
time -values betrveen 3 and 6 minutes as slightly 
prolonged, and values over 6 minutes as patho- 
logical. Usually the latent period is from 0 to 4 
seconds. Since most of the latent periods were 
less than 4 seconds, we included them in the bleed- 
ing time -values. 


TABLE I 

Agreement of bleeding limes taken within an hour 


Asreearat 

wlhhi 

2eC0Dd5 

I-I5 

I WO 

31-13 

4&-C0 

61-73 

7C-90 

! 

flI-lOoi 

1 

I2I-I35I 

Total 

Frtqasacy 

of 

oecarreaee 

02 

A2 

19 

n 

1 

7 

2 

1 

1 

145 

Occnrreaw 

ia 

percent 

■12.7 

».Q 

13.1 

"-6 j 

<■8 

1.4 

0.7 j 

0.7 

100 


Table I shows how the bleeding time values dif- 
fer in two or more successive tests done within an 
hour. In those instances where three or four 
tests were done, an average was computed and the 
de-viation from the average was expressed in sec- 
onds. It is shown that out of 145 comparisons, 
104 of the values checked within ± 30 seconds. 

In Table II bleeding times are presented which 
were done on 10 indi-viduals on successive occa- 
sions after intervals of days or months. On the 
same day variations from 67 to 197 seconds oc- 
furred in Case N. N. and from 54 to 204 seconds 
in Case A. L. C. These values show that infre- 
quently wide divergencies may occur; however, 
tests over a longer interval of time agree closely. 
In such instances where one value was much less 
than others, we found it was usually due to the in- 
fliction of an inadequate puncture wound. 

Table III shows the effect of temperature on 
the bleeding time. In order to lessen trauma only 
two tests were done on one finger. It is evident 


TABLE II 


Repeated bleeding times in ten subjects 


Subject 

Date 

1940-1941 

Num- 

berof 

tests 

j Bleeding time in seconds 

T. P. R. 

December 6 

2 

fCO 

162 




December 10 

2 

8 71 

es 69 



N. N. 

November 22 

4 

Sl97 


s 144 

E 159 


December 3 

1 

ff 141 





December JO 

2 

e 135 

1177 



E. C. 

rCox'ember 14 

2 

167 

168 




December 10 

2 

m 114 

m 109 




May 23 

1 

m 76 





May 29 

I I 

63 39 




B.L. i 

November 20, 

2 

f 128 

8 154 I 



j 

December 6 i 

2 

ff 123 

83 246 P 




June 26 

I 

m 200 




V. P, 

N’o%'embcr 4 i 

1 j 

m 35 





December 10 : 

2 ! 

141 

160 




July 5 

1 

eSS 




E.C. K. 

December 12 \ 

1 

ro32S 





June 26 i 

2 

m31 

s45 




August 25 

1 

63 45 




L.C. 

December 6 

2 

ff47 

m 66 




August 22 

1 

f44 




D. M. C. 

December 6 l 

3 

m 215 

m230 

63 279 



June 5 i 

1 

SS 160 





June 26 

2 

ES330 P 

ss 170 




August 22 

1 

as 131 




J- J- L. 

September 15 

2 

48 

77 




November 14 

2 

127 

169 




Nwember 19 

1 

m 73 





November 20 

2 

m no 

83 90 

i 



December 10 

2 

20 

47 


t 


April 8 

2 

536 

132 




August 22 

1 

8 64 




A.L. C. 

September 15 

2 

34 

35 




November 14 

2 

8 66 

8 SO 




November 17 

1 

85 84 





November 19 

1 

m 63 





December 6 

3 

m 54 

S62 

m 204 I 



March 26 

2 

85 249 P 





August 18 

1 

85 223 P 





August 22 

2 

s62 

S3 53 




ss = very strong, s = strong, m 
ff = very feeble; 1 = intermittent 
of flow; P = pulsating flow. 


~ moderate, f = feeble, 
fluctuation in strength 


from this table that temperatures lower than 36.5° 
C. prolong the bleeding time. Tests which were 
done at 50° C. agreed closely tvith the values which 


TABLE in 


The effect of temperature upon the bleedinz time 


Subject 

C. 1 

25’ C. 

37.5’ C. 

SO’C. 

J. G. s. 

L. C. K. 

G. A. B. 

R.S. ! 

D. A. B. 

D. L. 

L. C. 

M. H. L. 

H. B. 

A. L. C. i 
M-L. 

M. S. 

D. M.C. j 

seconds 

390 

275 

3S0 i 
163 

356 P 
185 

259 

126 

532 P 

521 

203 

398 P 

522 P 

seconds 

116 

151 

198 

72 

126 

154 

246 P 
127 P 
139 
216P 
103 

250 

462 P 

seconds 

20 

21 

22 

23, 6SP 
30 

40 

44 

45 

51 

58 

64 

82 

I3I 

1 

seconds 
146 P 

IS 

34 

55 

46 

42 

52 

! 31 

43 

52 

107 

33 

139 P 

r <= pulsating «ow. — ■4- — 
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were obtained at 37.5° C. We have found a 
relative increase in pulsating flows at lower tem- 
peratures. Pulsating flows augment the effect of 
lower temperatures by prolonging the bleeding 
time. Variations in the volume output of blood 
from the wound occurred more frequently at lower 
temperatures than at 37.5° C. The latent periods 
were not significantly affected by changes in 
temperature. 

Two to four repeated tests performed at dif- 
ferent temperatures were obtained on 7 subjects. 
Values which were obtained at 37.5° C. agreed 
closely, whereas this was less likely to be the case 
when bleeding times were done at 25° C. 

Of 345 bleeding times on 183 subjects without 
cuff pressure, eleven pulsating flows were seen 
which varied from 56 to 330 seconds, with an 
average of 183 seconds. With a cuff-pressure of 
40 mm. Hg in 53 persons, pulsating flows oc- 
curred 23 times, with variations from 46 to 330 
seconds and with an average of 165 seconds. 
These results in normal individuals show that pul- 


TABLE IV 

The effect of 40 mm. Hg of cuff-pressure on the bleeding 
time in twenty-five subjects 



Without cuff-pressure 

With cuff-pressure 

[Difference 

in 

seconds 

•Number 

Latent 

period 

Bleeding 

time 

Latent 

period 

Bleeding 

time 

1 

seconds 

3 

seconds 

ml 270 

seconds 1 

.2 

seconds 

m 156 

-114 

2 

2 

m 

99 

24 

m 54 

- 45 

3 

1 

s 

340 

2 

s 296 J 

- 44 

4 

3 

s 

60 

9.5 

m 31 

- 29 

5 

3 

ss 

55 

2 

s 31 

- 24 

6 

3 

m 

77 

2 

s 56 

- 21 

7 

3 

m 

80 1 

2 

ss 72 

- 8 

8 

1 

ss P 330 

1 

ss P 330 

0 

9 

3 

s 

54 

4 

s 63 

-t- 9 

10 

2 

m 

106 

4 

m 119 

+ 13 

11 

0 

SS 

56 

3 

s 72 

4- 16 

12 

3 

s 

52 

3 

s 78 

-1- 26 

13 

3 

s 

82 

3 

s 111 

-}- 29 

14 1 

4 1 

m 

37 

2 

s 80 

+ 43 

IS 

4 

ra 

27 

3 

ss 72 

-f 45 

16 

3 

SS 

107 

2 

ss 153 

4- 46 

17 

4 

s 

37 

1 

s 90 

4- S3 

18 

7 

m 

58 1 

6 

ss 112 

4- 54 

19 

2 

ss 

P 131 

2 

sP 196 

4- 65 

20 

2 

s 

29 

2 

m 96 

4- 67 

21 

2 

s 

P 56 1 

1 

ss P 158 

4-102 

22 

2.5 

s 

45 

1 

ss 165 

4-120 

23 

4 

m 

76 

1 

s 198 

4-122 

24 

3 

ss 

SS 

16 

s 185 

4-130 

25 

3 1 

ss P SSO 

3 j 

ss P 7c/y 

-fI50 


ss = very strong, s = strong, m = moderate; I = inter- 
mittent fluctuation in strength of flow; P = pulsating 
flow. 


sating flows are not appreciably longer than the 
usual or non-pulsating flows. 

Table IV exhibits a comparison of the bleeding 
time done in the same subject with and without a 
cuff-pressure of 40 mm. Hg. The same finger 
was used in two successive tests. The results in 
25 of 53 subjects who were studied for this com- 
parison are shown. In 3 cases bleeding time was 
decreased from 114 to 44 seconds following cuff- 
pressure. Values which checked within 30 seconds 
were observed in 10 cases, while in 11 cases there 
was an increase of 43 to 150 seconds. In the re- 
maining 28 cases, not shown in this table, this 
relationship was essentially the same. The only 
prolonged bleeding time we observed (Case 25) 
occurred in a case of thrombopenia (platelets 45,- 
000, Lee and White coagulation time 9 minutes, 
Duke bleeding time 2 minutes). Latent periods 
were usually shortened by cuff-pressures of 40 
mm. Hg. However, in 7 of 53 instances latent 
periods were found between 6 and 24 seconds. 


phenomena and their relation to bleedtng 
time 


"Lymph time” tests were made on 73 persons. 
The values ranged from 0.5 to 50 minutes. Fig* 
ure 3 shows the frequency distribution of ‘ lymph 
time” values which ranged from 0.5 to 19 minutes 
in 68 persons. In 17 individuals the effect ^of 40 
mm. Hg cuff-pressure on the "lymph time was 
studied. This cuff-pressure was found to increase 
the "lymph time” slightly in the majority of m 


ances. , 

The phenomenon of clot appearance ^ 

louth of the wound was observed. Bleeding 
me, "lymph time”, and clot appearance were com- 
ired in 53 subjects. Twenty-five of those are 
lown in Table V. No apparent correlation exist 
itween the bleeding time and the “lymph tim^ • 
ivariably the “lymph time” is of longer . 

lan the bleeding time. In 6 subjects no ex er 
ot was seen after the bleeding time and 
me” measurements were completed. In o 
.ses external clots which had formed towar 
id of the bleeding time test did not ^jan ^ 
ze during the period of "lymph flow . 
ibjects in whom no clot was visible a 
Ltion of the bleeding time, clot appear 
.served towards the end of the "lymph floi 
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Fig. 3. Frequency Distribution of 68 Determinations of Lymph Time in 68 Subjects 
Five subjects not shown in this figure had values which varied from 25 to 50 minutes. 


In 3 cases the external clot which was observed at 
the end of bleeding time enlarged during the flow 
of “lymph”. Table V suggests that clot appear- 
ance does not occur with shorter bleeding and 
shorter “lymph flows”. 

Experiments with 100 mm. of mercury cuff- 
pressure 

An attempt was made to renew the flow of 
blood or "lymph” following intervals of 0.5 to 50 
minutes after bleeding had stopped. The effects 
of a cuff-pressure of 100 mm. Hg for 3 minutes 
were studied on 55 subjects in order to determine 
whether the clot which had formed inside of the 
wound would be able to resist such an increase in 
venous pressure. 

In 3 cases the clot was unable to resist this 
pressure, and a flow of blood started again. These 
red flows began from 49 to 234 seconds after the 
blood flow had stopped and lasted from 90 to 240 
seconds. In each instance, these blood flows 
stopped while the pressure was being maintained. 
In this group of persons it was not possible to 
make a -wound resume bleeding with this pressure 
4 minutes after blood flow had stopped. 

Lymph flows” were renewed in 45 instances. 
In 39 cases the flow of “lymph” continued over 
the 3-minute period, and in 6 instances “lymph 


flow” stopped before the 3 minutes were over. 
In 7 other cases no “lymph flow” was initiated by 
the cuff-pressure. 


TABLE V 


Comparison of bleeding time, lymph time and clot appearance 


Case 

Bleeding 

time 

Clot after 
flow of 
blood 

Lymph 

time 

1 

seconds 

ff 18 

None 

seconds 

32 

2 

f 25 

None 

465 

3 

m 25 

None 

700 

4 

m 26 

None 

118 

5 

s 42 

None 

635 

6 

m 45 

None 

184 

7 

m 47 

None 

330 

8 

m 52 

None 

439 

9 

s 54 

None 

3000 

10 

ss 56 

Present 

1620 

11 

s 62 

None 

274 

12 

f 79 

Present 

184 

13 

s 79 

None 

495 

14 

f 81 

Present 

290 

15 

s 88 

None 

720 

16 

ss 108 

Present 

190 

17 

ss US 

None 

360 

18 

ss 130 

Present 

910 

19 

s 157 

Present 

212 

20 

s 158 

Present 

615 

21 

m 160 P 

None 

270 

22 

m 200 

None 

320 

23 

m 243 

Present 

475 

24 

ra 285 

Present 

870 

25 

ss 330 

Present 

480 


Clot after 
flow of 
lymph 


None 

Present 

Present 

None 

Present 

None 

None 

None 

Present 

Enlarged 

Present 

Not enlarged 

Present 

Enlarged 

Present 

Not enlarged 

Present 

Not enlarged 

Not enlarged 

Not enlarged 

None 

Enlarged 

Not enlarged 

Not enlarged 

Not enlarged 


ss - ve^ strong, s = strong, m = moderate, f = feeble 
ff = very feeble; P = pulsating flow. ’ 
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The effect of cuff-pressure on the clot appear- 
ance was also studied. No change was seen in 
the external clots which had appeared in 15 in- 
stances at the end of bleeding or during tlie 
“lymph flow”. In 15 otlier cases, the external 
clot was enlarged following application of cuff- 
pressure. In 7 persons no clot appeared after 
pressure. 

During the flow of “lymph” we occasionally 
observed the whitish flow interspersed with bead- 
like red masses. These masses may be due either 
to the escape of blood from opened vessels at 
intervals or to disintegration of the clot. This 
flow was produced following application of cuff- 
pressure in 12 of 55 instances, and it lasted from 
15 to 120 seconds. In eleven cases this flow oc- 
curred from 2 to 9 minutes following the cessation 
of the blood flow. 

DISCUSSION 

The normal bleeding time 

The normal Duke bleeding time is between 30 
and 180 seconds according to Ivy, Shapiro and 
Melnick (4) and between 60 to 180 seconds ac- 
cording to Tocantins (5). Ninety-five per cent 
of our values were between 17 and 180 seconds. 
One wonders if bleeding times between 3 and 6 
minutes, which we designate as slightly prolonged, 
are pathologic. We cannot answer this question 
at the present time. Values over 6 minutes, which 
we regard as pathologic, were found in but one 
case of thrombopenia. As a rule, the majority of 
the bleeding times in one individual agree within 
± 30 seconds. In the case of E. C. K. (Table 
II), where 6^4 months elapsed between tests, it 
is possible that the hemostatic function of the skin 
may have undergone a change during this time. 
Tests performed at 37.5° C. have shorter bleeding 
times than at 25° C. and agree more closely when 
repeated. These findings are, on the whole, simi- 
lar to data obtained by Dale and Laidlaw (10) 
in studies on the influence of temperature upon 
the blood coagulation time. In contrast to the 
results of Roskam (3), we found that the bleed- 
ing time is practically the same at 37.5° C. as at 
50° C. The increased incidence of pulsating flow 
following application of cuff-pressure may be due 


to the transmission of the arteriolar pulsation into 
the capillaries following venous obstruction. 

Our method can be used to study hemostatic 
substances hi vivo, or locally by adding them to 
the isotonic saline bath. Furthermore, studies on 
the fragility of the erythrocytes can be undertaken 
directly by changing the tonicity of the saline bath. 

It is known that following the production of a 
puncture wound the capillaries contract initially 
and that dilatation occurs (11). The duration of 
this initial contraction may be obtained by meas- 
uring the latent period. Our findings indicate 
that the initial capillary contraction may not be 
eliminated by 40 mm. Hg cuff-pressure. Prob- 
ably the pain stimulus produced by the infliction 
of the puncture wound is responsible for these 
long latent periods. 

The lymph time 

In the production of the puncture wound not 
only are the blood vessels injured, but the tissue 
spaces, cells, and the lymph vessels are also 
opened. Since we were unable to differentiate 
tissue fluid from lymph, we assume that these 
fluids are mixed following injury. It may be 
noted that the rose coloration of the whitish flow 
may be due to the admixture of red blood cells 
with the tissue fluid. We do not believe that this 
whitish flow is serum from the clot which has 
formed in the wound for the following reasons. 
First, the whitish flow can be observed simul- 
taneously with the red flow; second, we have 
frequently found that an inadequate puncture 
wound will produce a whitish flow without any 
blood. The reason why the “lymph” continues 
to flow after the bleeding stops is probably due 
to the hypocoagulability of the lymph. It is we 
established that lymph coagulates (12). 

The majority of lymph times are below ^ 
minutes. The significance of the lymph tune 
cannot be evaluated at present. We suggest t la 
it may be a measure of wound seepage wnci 
might affect wound healing. The slightly m 
creased “lymph time” on application of 4 
Hg cuff-pressure may be due to the increase 
lymph flow resulting from the increased venoi 

pressure. 
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The blood clot 

Agglutination of platelets and blood coagulation 
re two separable processes in mammals (13). 
,Ve believe that both the agglutination of platelets 
nd the conversion of fibrinogen to fibrin are re- 
ponsible for the firmness of the clot and its abil- 
t}' to plug the wound. Usually the clot which 
brms inside of the wound is sufficient to stop 
he blood flow, although it may not prevent the 
seepage of “lymph”. In the majority of cases, 
he clot which has formed in the wound extends 
aeyond the wound margins and thus becomes what 
ive have called “the external clot” or “clot ap- 
pearance.” During the flow of “lymph”, the ex- 
ternal clot may enlarge. A correlation between 
dot appearance and duration of bleeding time or 
“lymph time” is suggested in Table V. However, 
only future investigation can clarify these points. 

Tocantins (5) described a method in which he 
applied negative pressures with a suction cup. He 
found that a cut in the skin can be made to resume 
bleeding and suggested that this method might be 
of use to indicate a bleeding tendency during or 
after operation. In order to avoid local disturb- 
ance of the clot and the wound, we tested the clot 
resistance against a venous cuff-pressure of 100 
mm. Hg for 3 minutes. 

Increasing the cuff-pressure to 100 mm. Hg 
often increased the size of the external clot. 
This may be due to the increased pressure in the 
capillary bed and engorgement of the tissue spaces. 
It is very difficult to dislodge the clot and provoke 
the flow of blood again once bleeding has stopped 
in normal individuals. Complete dislodgment of 
the clot, which was indicated by a renewal of the 
red flow, occurred in but 3 cases. In no instance 
was it possible to dislodge the clot 4 minutes, or 
longer, after the blood flow had stopped. In con- 
trast to this, clot resistance studies in 2 cases of 
hemophilia differed markedly. In both hemo- 
philiacs whose bleeding times were normal it was 
possible to renew the flow of blood by applying 
100 mm. Hg pressure 75 minutes after bleeding 
had stopped. The bleeding stopped within 30 
seconds, however, when the cuff-pressure was 
reduced to 40 mm. of mercury. Qot resistance 
expresses both the solidity of the clot and its 
ability to adhere to the skin wound. Qot resist- 
ance IS therefore a measure for hemostasis. 


Magnus (14) contended that the all-important 
factor in the control of capillary bleeding is the 
ability of the vessel wall to contract. Macfarlane 
(15), however, tvhile emphasizing that capillary 
contraction plays the primary role in the cessation 
of bleeding, admits that the solidity of the clot 
is an important factor. It cannot be denied that 
the capillaries are involved in the cessation of 
bleeding from a wound; however, we feel that 
definite proof is lacking that capillary contraction 
plays the primary role in hemostasis. In this 
connection it may be of interest to report a case 
of postoperative shock during which bleeding 
times were 17 and 30 seconds. We have shown 
in a previous communication (9) that excessive 
doses of heparin can produce bleeding tendencies 
in most mice, and bleeding times longer than 30 
minutes in some. Several mice which had a 
normal bleeding time could still bleed to death 
from their prick wound if they dislodged the clot 
which covered the wound. These findings and the 
results in the two hemophiliacs support the hy- 
pothesis that the firmness with which the clot is 
attached to the wound plays a vital role in hemo- 
stasis, 

SUMMARY 

A new method for the determination of bleed- 
ing time is described in which the principle of 
bleeding into fluid is employed. Various factors 
known to influence the bleeding time were con- 
trolled. Blood flows were differentiated with 
respect both to the volume output of blood from 
the wound and pulsation of the flow. The range 
of normal bleeding time for this method was 
established. The effects of temperature and capil- 
lary tonus on the bleeding time were studied. 

The phenomena of “lymph time”, latent period, 
a beaded flow of blood, clot appearance, and dot 
resistance are described. In normal individuals, 
the clot, when formed, could not be dislodged by 
applying 100 mm. of mercury cuff-pressure 4 
minutes after bleeding had stopped. In 2 hemo- 
philiacs, however, it was possible to dislodge the 
clot and renew the blood flow 75 minutes after 
the cessation of bleeding. The mechanism of 
hemostasis is discussed. 
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The D : N ratio plays a verj’ important part in 
establishing our present day tenets of intermediar}-^ 
metabolism and it does so particularly in that part 
of metabolism dealing with the theory of diabetes. 
At the present time there exists no satisfactory' 
basic theory accounting for the disturbance of 
metabolism in this disease. One has but to note 
the extreme divergence of viewpoint of accepted 
authorities in this field to be aware of this. On 
the one hand, there are those (1) who state that 
the diabetic organism can burn glucose as readily 
as the normal and that the trouble results entirely 
from the over-production of sugar from non-car- 
bohydrate sources. Opposed to these we have an 
equally authoritative group (2) who claim that 
diabetes results simply from the inability of the 
organism to burn glucose. Much of the diver- 
gence of opinion is due to differences in the inter- 
pretation of the D ; N ratio and of the D : Protein 
ratio.^ 


The general belief that but 58 per cent of pro- 
tein can be converted to glucose in the body rests 
on the observation that the D ; N ratio of the 
fasting phlorhizinized dog is 3.65" (3). The 
claim that the completely diabetic animal cannot 
utilize glucose rests on the fact that the D : N 
ratio in this condition approaches this value of 
3.65. It is apparent, then, that any error in this 
basic value should be corrected. The fasting 
phlorhizinized dog excretes 3.65 grams glucose for 
each gram of N in the urine and, since one gram 
of N would come from 6.25 grams protein, it has 
been concluded that 3.65 grams of glucose is the 
maximal amount that can be converted from this 
amount of protein. However, this concept re- 
quires that all the glucose so formed in the 
phlorhizinized animal is excreted and that none is 
burned by the tissues. Workers responsible for 


' D ; Protein ratio = D : N X 625. 

= Or a D : Protein ratio of 3.65/625 = 0i8. 


this view have completely ignored this possibility 
(4) but it remains nonetheless a necessary postu- 
late of their contention. 

On the contrary, there is much to support the 
view that the tissues of these animals do use a 
certain amount of glucose. Deuel et al. (5) and 
Wierzuchowski (6) have examined this question 
by administering sugar to fasting phlorhizinized 
dogs. After the administration of the sugar they' 
obtained a rise in the respiratory' quotient which 
they interpreted as evidence of increased oxida- 
tion of carbohydrate. Since the tissues of this 
preparation are capable of oxidizing glucose given 
by mouth, it is quite possible that they can oxidize 
glucose that has its origin from body protein. 
The fate of glucose arising from protein fed to 
these animals would give a clue to this. Lusk 
states (3) that, if meat be fed to the phlorhizin- 
ized fasting dog, the urine sugar and nitrogen 
increase but that the D : N ratio is unchanged. 
Examination of the protocols of the original re- 
ports from Lusk’s laboratory (4) shows that usu- 
ally small amounts of protein were fed so that 
the nitrogen excretion was increased very' little. 
The effects on excretion of the administered pro- 
tein, then, would be largely masked by the large 
basic excretion resulting from the body protein 
breakdow'n. Despite this, in several of their ex- 
periments the dogs showed a drop in the D:N 
ratio when protein was fed. Janney and Blather- 
wick (7) also fed amounts of protein that were 
small when compared to the basic body protein 
catabolism. The animals showed slight drops in 
the D:N ratio as a result of the protein feeding. 
More recently. Gray el al. (8) found some drop 
in D:N ratio with feeding protein and here again 
the increase in nitrogen metabolized for the fed 
period over the fasting period was veiy small. 

It is obwous that, if one Tvished to determine the 
effect of fed protein on the D:N ratio of the 
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plilorhizinized dog, he should feed enough of it 
at least to double the fasting nitrogen excretion. 
Since in past experiments this has usually not 
been the case, such an investigation was under- 
taken and is reported here. 

EXPERIMENTAL 

The experiments were carried out on tJircc dogs. Two 
of the animals were subjected to a control period of 4 
or S days fasting with the daily injection of 1 gram of 
phlorhizin suspended in olive oil. The feeding period was 
then instituted during which time the phlorhizin was con- 
tinued and tile animal was fed amounts of meat or 

TABLE I 

T/ie effect of frotem feeding on sapor c.\xrciion of 
phiorhidniced dog 


TABLE ni 

The effect of protein feeding on sugar cxcrdioii of 
phlorhidnized dog 


(1 gram phlorhizin daily from May 15 on; 
no food May 15 to 17) 


Date 

Food 

Urine 

sugar 

Urine 

nitro- 

gen 

Urinary 

D:N 

ratio 

Body 

weight 

1 

May i 
18 

0 

grami ' 

23.2 

gramj 

6.46 

3,60 

Ik. 

19 

0 

20.0 

6.08 

3.28 


20 

*Amino adds 550 cc. 

30.0 

11.9 

2.52 

1 

21 

*Amino adds 550 cc. 

15.95 

10.5 

1.52 

: 19.5 

22 

Meat 500 grams 

30.5 

18.5 

1.64 


23 

Meat 500 grams 

1 

43.4 

33.0 

1.31 

20,0 


* A solution of amino acids prepared by hydrolysis of 
casein containing 1 per cent nitrogen. This product was 
supplied by Frederick Steam and Company Laboratorj'. 


(1 gram phlorhizin from July 13 on; no food July 10 to 13) 


Date 

Food 

Urine 

sugar 

Urine 
nitrogen i 

Urinary 
D : N 
ratio 

Body 

weight 


grams 

sratns 

grams \ 


lbs. 

July 



1 



14 

0 

18.9 

5.7 : 

3.32 ; 


15 

0 

30.0 

8.7 i 

3.45 


16 

0 

22.6 

6.65 1 

3.4 

25 

17 

1300 meat ; 

71.5 

28.8 i 

2.48 

24.5 

18 

1300 meat 


31.6 i 



19 

1320 meat 

84,0 

34.0 1 

2.47 

27.5 

20 

1350 meat 

94.5 

36,8 

2.56 


21 i 

900 meat | 

95.0 

33.8 

2.70 

28.5 

22 1 

0 

51.2 

12.0 

4.27 


23 j 

0 i 

30.7 

7,7 

3,98 


24 ' 

0 

28.9 

7.35 

3.93 

i 23.75 

25 

0 

24.1 

6.4 

3.77 

1 22.75 


TABLE 11 

The effect of protein feeding on sugar excretion of 
phlorhisinised dog 


(1 gram phlorhizin daily from June 20 on; 450 grams meat 
daily June 21 to 25) 


Date 

Food 

Urine 

sugar 

Urine 

nitrogen 

Urinary 
D : N 
ratio 

Body 

weight 

June 

26 

g^ams 

grams 

grams 


lbs. 

90o\meat 

60.5 

23.1 

2.61 

28.75 

27 

860\meat 

48.5 

15,5 

3.13 

28.5 

28 

920 Vneat 

91.5 

30.9 

2.96 

28.75 

29' 

920 meat 

81,3 

26.9 

3.02 

28.5 

30 

o\ 

38.1 

8.8 

4.33 

27.5 

July 

1 

o\ 

35.0 

9.85 

3.56 

27.0 

2 

0 W 

22.0 

6.8 

3.24 

25.5 

3 

840 m&t 

70.5 

27.3 

2.59 

27.0 

4 

840 m^t 

73.0 

26.7 

2,73 

26,75 

5 

920 ine^ 

78.0 

26.6 

2,93 

26-75 

6 

450 

70.5 

22.4 

3.15 

27.25 

7 

0 \ 

34.0 

7.2 

4,70 


8 

0 

i- 

31.5 

9.0 

3.5 



amino acids sufficient to give a definite increase in 
urinary nitrogen. In the other animal the fasting control 
period was interposed between two feeding periods. The 
urine sugars for Dogs 1 and 2 were determined by 
Benedict’s method and for Dog 3 by that of Shaffer and 
Hartmann. Nitrogens were determined by the Kjeldahl 
method. The meat was usually fed in two portions, at 
9 a.m. and at 5 p.m. The results are given in Tables 
I to III. 


DISCUSSION 

It is apparent that there is always a drop to 
the D ; N ratio when protein is fed. The average 
for the fasting periods is 3.50 (not including the 
first 2 days after food is stopped) and for t e 
feeding periods, 2.40, This brings up the ques 
tion : if the animal is making 3.5 grams of sugar 
for each gram body protein nitrogen metabolize 
when fasting, why does he produce but 2.4,grains 
sugar when 1 gram of food protein nitrogen is 
metabolized ? The most probable explanatio 
would appear to be that he makes as much suga 
from food protein as from body protein but t a^ 
a certain portion of the glucose that is manu 
tured by the liver is utilized by the other 
Certainly the reactions of the dogs themselves sup 
port this view. After 4 or 5 days of 5.1, 
phlorhizin the dogs are usually weak and is • 
The eating of the protein results in marke 
provement in strength and activity, w uc i 
lar to the effect of giving glucose to such an 
mal and indicates an increased utilization o g 
cose. BoIIman, Mann and Magath 

shown that the liver is the site .-.s for 

of amino acids to glucose. This obtains 
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amino acids either derived from food or body 
protein. The liver adds this new formed glucose 
to the general blood stream. From the blood 
stream the extra hepatic tissues receive glucose 
which may have had its origin in food carbohy- 
drate, in body glycogen, or in body or food protein 
that has been changed in the liver. These tissues 
could in no way discriminate between glucose 
molecules of these different origins and, since 
they utilize glucose that has come from food 
sources, there is every likelihood that they utilize 
glucose which has arisen from body protein. And 
yet such a discrimination by the tissues would 
have to be postulated if we accept the statement 
that onl}’ 3.7 grams of glucose can come from 
the protein which gives 1 gram of urinary' nitrogen. 

The idea that the tissues of the phlorhizinized 
animal use no glucose appears conjectural and is 
rnthout adequate experimental support. It is true 
that the amounts of glucose used are relativel)' 
small (10) but this low rate is probably the result 
of fasting rather than any specific effect of phlor- 
hizin. Bergman and Drury (II) have shown that 
a fast of 3 to 4 days diminishes markedly the 
utilization of glucose by the extra hepatic tissues. 
The phenomenon of “star\'ation diabetes” first 
described by Hofmeister (12) could also play a 
role here. It is well known today that, if sugar 
is given to an animal that has been fasting for 
some time, very little of it is utilized (13). Fur- 
thermore, these animals always show a low blood 
sugar level and it is possible that the hypoglycemia 
Itself may lower the rate of glucose utilization. 
There is, then, adequate experimental explana- 
tions for the low glucose utilization rate of the 
tissues of the fasting phlorhizinized dog without 
having recourse to the conjecture that phlorhizin 
Itself prevents glucose oxidation completely. 
When the phlorhizinized animal is fed, as our 
results show, his tissues begin again to use more 
glucose. 

experiments on depancreatized dogs 

The depancreatized animal has also been used 
for the purpose of determining the protein-to- 
sugar ratio. In the past it was assumed that the 
tissuM of this preparation used no glucose. In 
the light of recent work this assumption can no 
onger be maintained. When the liver of the dia- 


betic animal is removed, the blood sugar falls and 
glucose must be administered to keep the animal 
from becoming hypoglycemic. The brain of the 
diabetic animal utilizes glucose almost exclusively 
and its cells die if they do not have this substance 
to bum (14). The resting muscle of the diabetic 
uses glucose (15). We have here evidence that 
at least tAVo tissues of the body use glucose at all 
times. It is obvious that any attempt to evaluate 
the D ; N ratio of the depancreatized animal must 
include an estimation of the glucose utilized by 
the tissues in addition to that AA’hich is excreted. 

To this end the following experiments were 
carried out: 

After pancreatectomy dogs were kept on food 
and insulin for about one month in order to have 
good healing and recovery'. They were then car- 
ried for the experimental period which consisted 
essentially of determining the amount of glucose 
excreted as a result of protein feeding. Control 
periods were nm for the purpose of correcting for 
the sugar utilization of the tissues. This aa’es done 
by determining the amount of sugar that had to be 
fed to give the same amount of glycosuria. For 
the experimental periods of our first animals we 
withheld insulin completely, but this resulted in an 
unsatisfactory' condition of the dogs ivhen fed 
meat. They developed marked ketosis, vomited 
and lost desire for food. Two of these animals 
died. We found tliat a small daily dose of pro- 
tamine insulin kept the dogs in excellent condition 
and Avith good appetites, AA-ithout loAA'ering the gly- 
cosuria to any great extent. AH urine sugars 
AA-ere done by the method of Shaffer and Hart- 
mann. The first dog studied was given 700 grams 
of lean meat daily for 8 days, then 100 grams 
sugar daily for 3 days and finally 850 grams meat 
daily for 8 days. FiA'e units of protamine insulin 


TABLE rv 

Comparison of effect of sugar and protein feeding on 
sugar excretion of depancreatized dog 


Food per 
day 

Number 
of days 

Insulin ! 
•onitsi : 
per day ! 

Urine 

sugar 

Urine 

nitrogen 

Urinary 

D:N 

ratio 

pamt 

700 meat. . 
100 sugar. . 
850 meat. . 

8 

3 

8 

5 

S 

5 

xrami per 
day 

37.8 

49.0 

66.0 

eramsper 

day 

17.2 

2.3 

22.8 

2,2 

2.9 
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per day were given throughout. Tlie averages for A similar experiment was carried out on an- 
the tliree periods are given in Table IV. The other depancreatized dog and the results are given 
results of the first day of each period are not in Table V, The calculations for this experiment 
included in the averages because of the wcll-lcnown are not as simple as in the first case since even on 
delay in attaining a steady state when one changes the higher meat intake he did not excrete as mudi 
from a high to a low protein intake or vice versa 

(16). In the second period the tissues must have table v 

used 51 grams of sugar daily plus a small amount Coinparisoit of effect of sugar and protein feeding on 
which might hai^e resulted from the catabolism of excretion of dcpancreatiaed dog' 

the protein represented by 2.3 grams of urinary 
nitrogen. In the protein feeding periods the tis- 
sues must have utilized about the same daily 
amount of glucose (probably a little less in the 
first period and a little more in the third) since 
the average blood sugar levels must have been 
about the same as during the second period in 



order to give the same average glycosuria. The 
averages for the first and third periods are : urine 
sugar 51.6 grams and urine nitrogen 20.0 grams. 
We can assume, then, that the protein that gave 
20 grams urinary nitrogen gave rise to as much 
glucose as did the 100 grams fed sugar plus the 
protein that gave 2.3 grams urinary nitrogen in the 
second period. In order to get the ratio between 
sugar and nitrogen we may say ; 20 grams protein 
N is equivalent to 100 grams sugar plus 2.3 grams 
protein N. 

Subtracting 2.3 grams protein N from both 
sides, we obtain 17.7 grams protein N which is 
equivalent to 100 grams sugar. This correction 
for the nitrogen excreted during the sugar feeding 
period must be made regardless of the view one 
may have as to what it represents in actual metab- 
olism. If it represents body protein catabolized 
to form sugar, then there was that much additional 
sugar produced in that period. If it results from 
metabolic processes not giving rise to sugar, then 
we must assume that the same processes operated 
during the first and third periods, giving rise to 
the same amount of urinary nitrogen which did 
not contribute to the glucose produced. This por- 
tion should be subtracted from that connected 
with the sugar formation. We believe that both 
factors probably operate to produce this nitrogen 
in the sugar feeding period. These calculations 
give us the conclusion that 17.7 grams protein 
nitrogen is equivalent to 100 grams sugar. This 
is a D : N ratio of 5.65 or a D : Protein ratio of 
0.90. 


glucose as during the sugar feeding period. How- 
ever, on the sugar regime the tissues utilized 50 
— 46.3 or 3.7 grams sugar plus what was pro- 
duced in the processes, giving rise to 1.76 grams 
nitrogen. On the high meat regime (400 grams 
meat) we can assume that the tissues utilized 
close to this amount : let us say 3 grams plus the 
same amount connected with the 1.76 grams nitro- 
gen. If, then, as before, we subtract the 1.76 
grams N of the control period from 10.8 grams 
N of the protein period, we obtain 9.04 grams N 
which is equivalent to (38.7 plus 3) grains sugar 
and which gives us an actual D : N ratio of 4.6. 
The results for the lower meat intake period (200 
grams meat) may be similarly treated except that 
here we must assume that even less sugar was 
used by the tissues. However, even if we do 
not add anything to the urine sugar for this cor- 
rection, we obtain (5.59 — 1.76) grams nitrogen 
which is equivalent to 23.8 grains sugar or a 
D : N ratio of 6.2 or a D : Protein ratio close to I. 

Two other experiments were carried out in this 
way with diabetic dogs. In these, fat-free meat 
was fed in place of ordinary lean meat. This was 
done in order to avoid any possible effect that even 
the small amount of fat in lean meat may have 
had. There is little likelihood of this since fa 
fed to diabetic dogs does not increase their sugar 
excretion. The meat was treated with alco > 
dried and powdered, then extracted with ™ 
leum ether and finally with diethyl oxide, 
results are given in Table VI. The ® ® 
glycosuria are lower for the protein regime 
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TABLE VI 

Comparison of effect of sugar and protein feeding on 
sugar excretion of depancreotized dog 

(Dog 6) 


Food per day 

Num* 
ber of 
days 

Insulin 
units 
per day 

Urine 

sugar 

Urine 

nitrogen 

Urinary 
D : N 
ratio 

crams 

55 sugar 

6 

2 

crams 
i>er day 

37.4 

crams 
per day 

2.78 


too fat-free 
meat powder. 

5 

2 

18.4 

8.10 

2.27 

0 

5 

2 

0.8 

i 

3.5 



(Dog 7) 


43 sugar 

80 fat-free 

7 

3 

37.2 

1.77 


meat powder. 

5 

3 

22.0 

5.96 

3.7 

0 

5 

3 

6.06 

2.57 



for that with sugar feeding due to the fact that 
the dogs did not absorb the meat powder as well 
as expected. However, judging from the glyco- 
surias of the different regimes, the tissue utiliza- 
tion during the meat feeding period should have 
been approximately the mean of those of the sugar 
feeding and of the fasting periods. The tissues 
of Dog 6 during the sugar feeding period utilized 
17.6 grams sugar in addition to that which came 
from the protein catabolized, and during the fast- 
ing period utilized the sugar coming from the 
protein minus the sugar excreted (0.8 gram). 
The average of these is 8.3 grams sugar plus 
3.14 grams nitrogen. The calculation for the 
sugar-nitrogen equivalent of the meat period 
would then be (18.4 plus 8,3) grams sugar which 
is equivalent to (8.10 — 3.14) grams nitrogen, 
or an actual D : N ratio of 5.38. The calculation 
for Dog 7 would be similar (22 — 0.13) grams 
sugar which is equivalent to (5.96 — 2.17) grams 
nitrogen or an actual D : N ratio of 5.78. 

DISCUSSION 

The experimental results given in this paper 
indicate that the conventional interpretation of 
the D ; N ratio in metabolism and dietetics should 
he changed. To the urinary sugar excreted by the 
fasting phlorhizinized dog must be added an 
amount equal to that which is utilized fay the 
tissues in order to derive the sugar equivalent of 
protein from the urinary D:N ratio. Our find- 
ings show that one is not justified in deducing this 


equivalent from the extra sugar excreted by phlor- 
hizinized dogs after being fed protein, since this 
feeding increases the tissue utilization of glucose. 
In the fasting phlorhizinized dog the glucose utili- 
zation rate of the tissues is 75 mgm. per kilo per 
hour (10). When this amount is added to that 
which is excreted in the urine, we obtain a D : N 
ratio of 6 instead of the conventional 3,65, and a 
D: Protein ratio close to 1. 

Similarly, the tissues of the fasting depan- 
creatized animal utilize sugar (17) and a similar 
correction should be made here if one wishes to 
derive the protein-sugar equivalent from observa- 
tions on this preparation. There is some increase 
in utilization on feeding glucose (18) but it does 
not increase as markedly with feeding as in the 
case of the phlorhizinized fed dog. This is ap- 
parent from the fact that the urinary D : N ratios 
of almost all our protein-fed depancreatized dogs 
ivere higher than the usual 2.7 ratio for fasting, 
and this despite some insulin given to our animals. 
This fact has made it possible for us to determine 
the protein-sugar equivalent from our protein-fed 
depancreatized dogs since here tissue utilization 
is relatively small and can be corrected for by 
control periods of sug&r feeding. When this is 
done we find that the true D : N ratio is between 
5 and 6. 

The highest urinary D:N ratio obtained for 
fasting depancreatized dogs is 2.7. Even severe 
diabetic patients rarely show as high ratios as this. 
The difference between the values for this ratio 
and that for the true ratio indicates that there is 
ample glucose available from that converted from 
body protein to take ‘care of the tissue needs in 
the fasting diabetic. This can be seen from the 
following calculations. The normal fasting dog 
excretes 10.8 mgm. N per kilo per hour (19), 
If we accept the true D:N ratio as 5.50, this 
would indicate a tissue utilization of glucose by 
this animal of 60 mgm. per kilo per hour. Fast- 
ing man excretes 7 .6 mgm. per kilo per hour (20) , 
which would indicate a tissue utilization of 42 
mgm. per kilo per hour. The fasting phlorhizin- 
ized dog (4th to 6th day of fasting) excretes 
37.5 mgm. N and 136 mgm. glucose per kilo per 
hour (4). This nitrogen would be equivalent to 
p.5 X 5.5 rngm, or 207 mgm. glucose. Subtract- 
ing from this the glucose excreted in the urine, 
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we obtain a tissue utilization of 70 mgni. per kilo 
per hour. Tlie fasting depancreatized dog (3rd to 
6th day of fasting) excretes 22,3 mgm. N and 65 
nigm, glucose per kilo per hour (21). The tissue 
utilization here would be (22.3 X 5.5) minus 65, 
or 58 mgm. glucose per kilo per hour. A very 
severe case of human diabetes (3rd to 5th day 
fasting) excreted 19.8 mgm. N and 55 mgm. glu- 
cose per kilo per hour (22). This would indicate 
a tissue utilization of (19.8 X 5.5) minus 55, or 
54 mgm. glucose per kilo per hour. All experi- 
mental work leads us to expect about the same 
tissue utilization for these different conditions 
(17). If protein is the only non-carbohydrate 
source of glucose this utilization could only be 
accounted for by having a much higher conversion 
ratio than the conventional one. 

Supporters of the overproduction theory have 
had to take recourse to the fat-to-sugar notion in 
order to account for the large amounts of sugar 
excreted in the urine of the fasting diabetic in 
addition to that utilized by his tissues. They 
have postulated this conversion since they cannot 
understand how a sufficiently large amount of 
sugar can come from the protein catabolized to 
account for the sugar burned plus that which is 
excreted. We have shown here that conversion 
of protein to sugar can account for this when one 
revises the D : N ratio to a higher value and keeps 
a strict accounting of the amounts involved. 

The facts presented in this paper help in giving 
a satisfactory explanation of the disturbance of 
carbohydrate metabolism in diabetes. The trouble 
in diabetes cannot be accounted for by an inability 
of the tissues to oxidize aiiy glucose; they do 
utilize definite amounts of this foodstuff (17). 
The chief fault, as far as carbohydrate metabolism 
is concerned, appears to be that the body cannot 
dispose of surplus glucose by changing it to gly- 
cogen, fat and other possible glucose derivatives. 
The amount of glucose oxidized directly by the 
tissues in the fasting diabetic can be adequately 
supplied by conversion from body protein, even 
though considerable amounts of glucose are being 
excreted in the urine. In this way those well- 
established facts concerning carbohydrate metab- 
olism in diabetes can be accounted for without 
having recourse to a conjectural hypothesis in- 
volving the conversion of fat to sugar. 


SUMMARY 

For the classical D:N ratio of 3.65 or D: Pro- 
tein ratio of 0.58 in the phlorhizinized fasting 
dog, we must consider the urinary sugar as but 
part of the total sugar produced from the protein 
represented by the nitrogen of the urine. The 
other portion of this sugar is used by the tissues 
of the animal. On feeding the animal protein, 
there is a definite increase in this tissue utilization 
so that the urinary D : N ratio actually decreases. 

The depancreatized dog does not show such a 
marked increase in glucose tissue utilization on 
feeding. In this preparation one can estimate the 
extra sugar resulting from fed protein since the 
amount used by the tissues is small and is easily 
corrected for. When this correction is applied the 
D : N ratio is between 5 and 6 and then tii< 
D: Protein ratio approaches 1. 

With this higher D:N ratio we can account 
for both the glucose excreted in the urine and 
that used by the tissues in fasting diabetics as 
coming from body protein and it is unnecessary 
to invoke the aid of the questionable notion of 
conversion of fat-to-glucose. 
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The metliods usually employed at present to as- 
certain the existence of thiamin deficiency in man 
are based upon measurements of the amounts of 
the vitamin in the urine before and after its oral 
or parenteral administration (1, 2). Evidence is 
available, however, to indicate that only a fraction 
of the thiamin ingested in the normal diet is ex- 
creted unchanged (3, 4), and hence it is possible 
that the amount in the urine does not represent the 
true status of deficiency or sufficiency of the vita- 
min in the body as a whole. Measurement of the 
levels of circulating thiamin clearly is preferable, 
but insufficient information has been available 
hitherto concerning its distribution between the 
various constituents of the blood. Due to this 
fact, the presence of anemia, dehydration, or 
marked leidcocytosis might provide misleading 
findings if only the levels in whole blood were 
employed. 

No method has been at hand for the measure- 
ment of the minute amounts of thiamin contained 
in the cellular elements since neither the technique 
of Melnick (5), nor the thiochrome method of 
Hennessy (6) are sensitive enough to be used for 
this purpose. It has been possible, however, so 
to adapt the ultramicro-technique of Atkin, Schultz 
and Frey (7) that thiamin can be determined in 
either leukocytes or erythrocytes. The method 
was chosen, not only because of its sensitivity and 
accuracy, but also because it made possible the 
measurement of both thiamin and the pyrimi- 
dines capable of accelerating yeast fermentation 
(PAYF).® 

From the similarity between the chemical struc- 

_^"^be authors gratefully acknowledge the assistance 
given by Standard Brands, Inc., the Jane Coffin Childs 
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Foundation. 
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’ Pyrimidine accelerating yeast fermentation. 


tures of thiamin and the pyrimidine compounds 
known to accelerate yeast fermentation (8), it 
has been assumed that the latter substances are 
either precursors of thiamin or products of its 
breakdown. On the basis of this possibility the 
simultaneous measurement of both thiamin and 
the PAYF compound in blood cells and urine, 
after the administration of those substances, 
should provide new information concerning the 
metabolism of thiamin by the human organism. 
Experiments of this type have been published by 
Pollack et al. (4) . They found that the parenteral 
administration of 100 mgm. of thiamin resulted 
in an increased urinary excretion of pyrimidine 
and concluded that in the normal individual pyri- 
midine is derived from thiamin. 

This communication deals with (I) a method 
for the measurement of the thiamin and the 
PAYF content of blood cells and urine; (2) the 
amounts of thiamin and the PAYF compound in 
leukocytes and platelets, erythrocytes, and the 
urine of normal individuals; and (J) a study of 
the metabolism of thiamin by the normal human 
being. 

METHOD 

The techniques used for the quantitative determination 
of total thiamin and of the pyrimidine compound in the 
blood and mine are adaptations of the fermentation 
method of Schultz, Atkin and Frey (7, 8). They de- 
pend upon the principle that within certain limits botli 
thiamin and PAYF cause a measurable increase in the 
rate of alcoholic fermentation by yeast of a suitable sugar- 
salt-buffer mixture. 

In this communication the term “total thiamin” is em- 
ployed to include all those substances capable of stimulat- 
ing fermentation by yeast under the conditions of the 
experimental procedure. 

/4. Determination of the total thiamin and PAYF in 
blood cells 

To obtain leukot^des and platelets, 25 ml. of oxalatcd 
blood are allowed to settle at room temperature for from 
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It would appear, therefore, that leukocyte frag- 
uentation does not entail a serious. loss of total 
;hiamin. It is probable that the thiamin is bound 
irmly to the solid insoluble matter of the white 
:ells. This supposition is in accord with the find- 
ngs of Banga, Ochoa, and Peters (10) who ob- 
served that no thiamin pyrophosphate could be 
separated from brain even when that tissue is 
ground up or heated to 100° C. 

c. The ioial thiamin content of platelets and 
'eukocytes obtained frojn the same suspension of 
white cells. It has been indicated that the sus- 
pension of white cells obtained for their thiamin 
measurement consists of a mixture of platelets 
ind leukocytes. Therefore, before it was permis- 
sible to compare the concentration of total thiamin 
in one mixture of white cell elements with that of 
another, it was necessary first to determine 
whether or not any significant difference existed 
between the concentrations of total thiamin in the 
leukocytes and in the platelets obtained from the 
same suspension of white cells. 

By the refined technique previously described it 
was possible to separate from the white cell sus- 
pensions two fractions : one of pure platelets and 
the other of leukocytes with a small amount of 
platelets. Microscopic examination revealed that 
the latter fraction contained a concentration of 
leukocytes from 3 to 4 times that in the original 
white cell suspension, and for this experiment this 
fraction was considered to be one of leukocytes 
alone. 

The data in Table III present two experiments 
in which total thiamin values were determined in 
equal volumes of platelets and of leukocytes ob- 
tained from the same sample of white cells. In 
the two experiments it was found that the thiamin 
contents of platelets were only 10 and 11 per cent 
less than those in the corresponding leukocytes. 

It would appear, therefore, that since the total 
thiamin contents of leukocytes and platelets ob- 


TABLE nr 

The thiamm content of platelets and leukocytes partitioned 
from the same samples of white cells 



tained from the same samples of white cells are 
approximately equal, it is permissible to compare 
the concentrations of thiamin in one sample of 
white cells with that of another. 

d. Recovery of thiamin and of PAYF added to 
whole blood, blood cell suspensions, and to urine. 
The data in Table IV present determinations 



of total thiamin in 5 samples of blood and in 3 
samples of urine before and after known amounts 
of thiamin had been added. The recovery of the 
vitamin added to the blood ranged from 80.0 per 
cent to 1 1 1 .4 per cent, and of that added to the 
urine from 88.75 per cent to 100.0 per cent. 

Table V presents the amounts recovered from 
samples of white cells, of erythrocytes and of 
urine to which varying amounts of 2-methyI-5- 
methoxyethyI-6-amino-pyrimidine, a known accel- 
erator of yeast fermentation (8), had been added. 
The recoveries of that substance added to the 
blood cell suspensions ranged from 93 per cent 
to 105 per cent, and of that added to urine from 
92.8 per cent to 96.5 per cent. 
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TABLE V 

Recovery of 2-melhyl-5-mcihoxyethyl-6-amino-pyrimtdine 
from blood cells and urine 


Sample 

Micro- 
grams* of 
PAYF 
found in 
100 ml. of 
cample 

Micro- 
grams* of 
6-amino- 
jjyrimidine 
added to 
100 ml. of 
cample 

Micro- 

grams* 

of 

PAYF 

re- 

covered 

Per 

cent 

of 

re- 

cov- 

ery 

WTiite blood cells number 1 . . 

3.2 

20 

22.8 

93 

White blood cells number 2 . . 

3.4 

20 

24.4 

105 

WTiite blood cells number 3 . . 

IJ 

20 

21.4 

lOI 

Red blood cells number 1 . . , . 

2.9 

20 

24.2 

lOS 

Red blood cells number 2 . . . . 

3J 

20 

23.4 

101 

Urine number 1 

4.5 

50 

52.5 

94.5 

Urine number 2 

44.5 

25 

64.5 

92.0 

Urine number 3 

22.5 

50 

70.0 

96.5 


* Micrograms in thiamin equivalents. 


These results indicate that the methods em- 
ployed satisfactorily measure thiamin and the 
pyrimidine compound in blood and urine speci- 
mens. 

II. The concentration of total thiamin and PAYF 
in the blood cells and urine of normal 
individuals 

Determinations were made of the total thiamin 
in the white cells of 30 normal adults — 18 fe- 
males and 12 males — and in the erythrocytes of 
24 of those same individuals — 17 females and 7 
males. The total thiamin of the white cells 
ranged from 48 to 183 micrograms per 100 ml. 
and averaged 99.8 micrograms per 100 ml. The 
total thiamin of the erythrocytes ranged from 3.7 
to 38.0 micrograms per 100 ml. and averaged 10.3 
micrograms per 100 ml. (Table VI, Figure 2). 

The levels of PAYF were measured in the 
white cells of 10 of the 30 normal individuals 
studied, and in the red cells of 6 of the 24. The 
concentrations of the PAYF compound in the 
white cells ranged from 11 to 50 micrograms per 
100 ml. and averaged 32.5 micrograms per 100 ml. 
The PAYF in these 10 instances accounted for 
from 16.8 per cent to 64 per cent of the total white 
cell thiamin measured. In the eiythrocytes the 
PAYF concentrations ranged from 1.3 to 5.0 mi- 
crograms per 100 ml. and averaged 3.0 micro- 
grams per 100 ml. The PAYF accounted for 
from 14 per cent to 30 per cent of the total red 
cell thiamin. 

The daily excretion of total thiamin and PAYF 
in the urine was followed in 8 normal indiwduals 


TABLE VI 


The concenlralions of total thiamin, true thiamin and of 
PA YF in the blood cells of normal individuals 


Individual 

Total thiamin 

True thiamin 

PAYF 

White 

blood 

cells 

1 

Red 

blood 

cells 

White 

blood 

(^S 

Red 

blood 

cells 

WTiite 

blood 

cells 

Red 

blood 

cells 



micro Vi 

zms ^er 

micro V‘ 

ams per 

micro v<- 

jmr* per- 



100 ml. 

\ 100 ml. 1 

100 ml. 

1 

KS 

85 

11.0 





2 

TS 

92.5 

4.5 





3 

LM 

89.5 

3.7 





4 

MR 

49.0 

20.5 





5 

NY 

183 

14.8 





6 

MB 

150 

10.9 





7 

AG 

48 

5.1 





8 

AD 

107.5 

31.6 





9 

TA 

64.5 

7.2 





10 

VW 

49 

14.2 





11 

MS 

119 

8.5 





12 

MD 

56 

4.9 





13 

CH 

105 

9.0 





14 

JL 

105 

4.1 





15 

PH 

156 

10.8 





16 

NH 

89.5 

5.5 





17 

AR 

76 

4.7 





18 

HS 

124 

10.7 





19 

TP 

57 




1 


20 


180 






21 

AB 

143 

15.6 

100 

11.0 

43 

4.5 

22 

JH 

107 

16.5 

81 

14.2 

26 

2.3 

23 

MH 

108 

8.0 

58 

5.0 

SO 

3.0 

24 

AS 

80 

15.0 

69 

10.0 

11 

5.0 

25 

PR 

114 

7.7 

70 

6.4 

44 

1.3 

26 

MP 

110 

7.0 

70 

5.0 

40 

2.0 

27 

DT 

74 


54 


20 


28 

MD 

58 


21 


37 


29 

RT 

66 


50 


16 


30 

SE 

171 


133 


38 


Average 

99.8 

10.3 

70.6 

8.6 

32.5 

3.0 


* Micrograms e.xpres5ed in thiamin equivalents. 


TABLE WI 


Micrograms of thiamin and of PA YF excreted per day in 
the urine of normal individuals 


Sub- 

Weight 

Num- 

ber 

Urinarj' 

thiamin 

Av- 

er- 

age 

per 

day 

High- 

est 

per 

Urinary’ 

PAYF* 

Av- 

er- 

High 

cst 

I>er 

cent 

daily 

varia- 

tion 

ject 

of 

days 

Range 
per day 

daily 

varia- 

tion 

Range 
per day 

per 

day 

T-T- 

kilos 

73 

9 

76-227 

140 

200 

294-525 

36S 

78 

J.H. 

82 

6 

179-421 

350 

135 

351-910 

556 

159 

M.P. 

69 

6 

53-168 

111 

216 

126-282 

198 

124 

N.N. 

53 

4 

140-348 

270 

143 

215-300 

263 

40 

M.H. 

45 

4 

66-101 

83 

53 

300-580 

426 

93 

A.B. 

61 

2 

25- 63 

44 

152 

169-220 

194 

35 

P.R. 

83 

4 

158-314 

214 

99 

408-514 

460 

41 

AA. 

42 

3 

158-296 

229 

87 

222-332 

250 

30 


* Micrograms expressed in thiamin equhalents. 
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Fig, 2. The Levels of Total Thiamin in the Blood Cells of Normal Individuals 


for periods of from 2 to 9 days. In all, 45 deter- 
minations were made. The average of the true 
thiamin excretion of each of 8 individuals ranged 
from 44 to 229 micrograms per day, and the aver- 
age of the group was 168 micrograms per day. 
These values are in good agreement with those 
obtained by Schultz, Light and Frey (11). The 
average of the PAYF excretions of each of the 
8 normals ranged from 194.5 to 556 micrograms 
per day, and the average of the group was 340 
micrograms per day (Table VII). The highest 
percentage of daily variations of the thiamin ex- 
cretion in the urine of these individuals was from 
87 to 216 per cent, and that of the PAYF from 
35 to 159 per cent. 

III. The correlation between the total thiamin 
levels in the blood cells and the ingestion 
of thiamin 

To ascertain if the blood cell total thiamin 
levels closely reflect the thiamin deficiency or sat- 
uration of the body, determinations were made in 
the cells of individuals (c) who had clinical evi- 
dence of thiamin deficiency, and {b) who had 
received supplements of the vitamin added to 
their diet. 


a. The blood cell total thiamin of patients with 
clinical evidence of thiamin deficiency. Table 
VIII presents analyses of total thiamin in the 
white cells and red cells of 4 individuals who had 
evidence of vitamin Bj deficiency as ascertained 

table VIII 


The concentrations of total thiamin in the blood cells of 
patients with clinical evidence of thiamin deficiency 





Total thiamin 

Patient 

Diagnosis 

Symptoms 

White 

Red 




blood 

blood 




cells 

cells 




1 

mtcrograms per 




100 ml. 

JS 

Ulcerative 

Anorexia 

I 34.5 

3.9 

colitis 

Diarrhea 

Paresthesias 




MS 

Pyloric 

Polyneuritis 

32.9 

2.0 

ulcer with 

Absent knee jerks 


obstruction 

Vomiting 

Anorexia 



MR 

Cirrhosis 

Peripheral edema 

21.0 

1.7 

of liver, 

Absent knee jerks 


alcoholism 

Right ankle drop 



BL 

Chronic 

Marked anorexia 

16.7 

4.1 

inanition 

Weight loss 

General inhibition 
Paresthesias 


1 
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from dictar}' history and physical examination. 
Urinar}' thiamin measurements were not being 
made when these patients were available. 

The average white cell total thiamin of this 
group was 26.3 micrograms per 100 ml., or about 
26 per cent of the normal value. The average red 
cell thiamin was 2.9 micrograms per 100 ml., or 
about 29 per cent cent of the normal. 

b. The blood cell total thiamin of individuals 
who had ingested excess amounts of the vitamin. 
Table IX presents the values for total thiamin in 
the blood cells of 5 normal individuals who had 
been given daily doses of 10 mgm. of the crystal- 
line vitamin orally for from 3 to 7 days. 

All blood specimens of this group were taken 
from 20 to 24 hours after the last dose of thiamin 
was administered. 

TABLE IX 

The concentrations of total thiamin in the blood cells of 
individuals who received daily 10 mgm. 
supplements of thiamin 


Total thiamin 

White blood Red blood 

Subject cells cells 


micTOirams per 100 ml. 


RB 

216 

53.5 

WS 

244 

38.5 

IP 

292 

18.7 

NL 

202 

16.7 

MM 

399 

16.3 


The average blood cell total thiamin levels of 
this group were 270.6 micrograms per 100 ml. of 
white cells and 28.8 micrograms per 100 ml. of 
erythrocytes. These average levels are about 3 
times those found in the white and red cells of 
normal individuals who had not received supple- 
ments of the vitamin. 

These high levels of total thiamin in the leuko- 
cytes and platelets of patients fed 10 mgm. of 
thiamin daily indicate that those cells normally 
are not saturated with the vitamin. If the admin- 
istration of large amounts of thiamin to normal 
individuals only elevates their white cell levels of 
the vitamin and does not bring those levels all 
within the same narrow range, it would appear 
that normal white cells differ considerably in their 
capacity to absorb the vitamin. On the other 
hand, if it were demonstrated that the white cells 
of normal individuals can absorb only a limited 
and maximum amount of thiamin, despite the 
amounts of the vitamin supplements ingested, 
then low levels of thiamin in the leukocytes and 


platelets under normal conditions would indicate 
subclinical thiamin deficiency. 

To ascertain the facts concerning this question, 
the total thiamin levels in the white cells of 8 
normal individuals were determined before and, 
in 6 of the 8, after the daily administration of 
100 mgm. of thiamin for 6 days (Table X). 

TABLE X 

Micrograms of total thiamin in 100 ml. of white cells of 
individuals who received daily 100 mgm. 
supplements of thiamin 


Subject 

Before ad- 
ministration 
of 

thiamin 

1 Day after oral 
administration of 
600 mgm. of 
thiamin 

8 Days after 
discontinuing oral 
administration of 
thiamin 

N.J. 

66 

264 

67 

J- P- 

57 

263 

100 

A. B. 

166 

222 

100 

D.T. 

74 

207 

86 

M. D. 

56 

225 

52 

S. E. 

171 

210 


J. H. 

94 

208 


W. B. 

180 

235 

113 

Average 

108 

229 

86 


These 8 subjects had been taking apparently 
normal diets and no supplements of the vitamin 
for several weeks. The pre-therapeutic levels of 
total thiamin in their white cells ranged from 56 
to 180 micrograms per 100 ml. and averaged 108 
micrograms. After the daily ingestion of 100 
milligrams of the vitamin for 6 days, the levels of 
total thiamin in those cells ranged from 207 to 
265 micrograms per 100 ml. and averaged 229 
micrograms, or t\vice the pre-therapeutic level. 
These increased levels are in the same range as 
those found in the leukocytes and platelets of 4 
of the 5 patients who received only 10 milligrams 
of thiamin each day for 1 week. Finally, 8 days 
after the daily feeding of the 100 milligram doses 
of the vitamin had been discontinued, the white 
cell levels of total thiamin of 6 of the 8 subjects 
had fallen again to from 52 to 113 micrograms 
per 100 ml. This post-therapeutic level was not 
determined in the white cells of the other 2 
subjects. 

The fact is to be emphasized that, whereas the 
variation of total thiamin in the white cells of 
individuals before their ingestion of excess 
amounts of the vitamin is as high as 220 per cent, 
the variation after the thiamin administration is 
only 28 per cent. Hence, it might be concluded 
that white cells do not differ widely in their 
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capacity to absorb thiamin, but can absorb only a 
limited amount of the substance. This fact would 
suggest, therefore, that individuals who are taking 
an apparently normal diet but who have low 
leukocyte and platelet levels of total thiamin pos- 
sibly are in a clinical or subclinical deficiency state 
as regards vitamin 

The intravenous administration of 1 mgm. of 
crystalline thiamin to 2 normal individuals also 
raised the levels of total thiamin in the leukocytes 
and platelets. In the case of N. Y., the white 
cell total thiamin level promptly rose from 140 
micrograms to 850 micrograms per 100 ml. within 
1 hour, but gradually returned to its original value 
by the next day. The white cell total thiamin 
level of M. R. also rose from 49 to 160 micro- 
grams per 100 ml. of cells within 1 hour after 
the thiamin injection and returned to its original 
level by the next day. No significant changes 
were observed in the levels of total thiamin of the 
erythrocytes of these 2 individuals after the 1 
mgm. dose. 

Therefore, from the evidence presented, it may 
be concluded that the level of total thiamin in the 
white cells, and perhaps in the erythrocytes, is an 
index of the degree of thiamin saturation of the 
organism. 

IV. The metabolism of thiamin by the normal 
individuals 

The thiamin molecule is composed of two 
nuclei: the pyrimidine and the thiazol (Figure 1). 
The fact has been established that yeast and other 
forms of plant life can synthesize thiamin from 
the derivatives of pyrimidine which hydrolyze in 
solution to form 2-methyl-5 -hydroxy methy 1-6- 
amino-pyrimidine (12). 

The vitamin also is broken down by these micro- 
organisms with the destruction of the thiazol ring 
and liberation of the free pyrimidine (13). No 
such mechanism has been proved to occur in the 
animal. Robbins et al (14) found that, while the 
polyneuritis of pigeons could be cured by feeding 
a mixture of pyrimidine and thiazol, the amounts 
needed were several thousand times that of an 
equivalent and curative amount of thiamin. They 
concluded, therefore, that pigeons had only a slight 
capacity for the synthesis of the vitamin from its 
two nuclei. In the human it is unknown whether 
the pyrimidine compound is a precursor or a break- 


down product of thiamin, or, indeed, if it bears any 
metabolic relationship to the vitamin at all. 

In their study of the specificity of thiamin in 
the acceleration of yeast fermentation, Schultz, 
Atlcin and Frey (8) tested numerous pyrimidine 
derivatives. They were able to show that of all 
the pyrimidine compounds tested for thiamin- 
like, yeast-stimulating activity, only 2-methyl-5- 
hydroxymethyl-6-amino-pyrimidine, or compounds 
which in solution conceivably could hydrolyze to 
form that substance, possessed such activity. As 
previously indicated, compounds which could hy- 
drolyze to form this hydroxy derivative do not 
form a sulfonate with the sulfite used to cleave the 
thiamin, but remain free to accelerate the fer- 
mentation. On the other hand, the pyrimidine 
nucleus which is split from the thiazol by sulfite 
is converted immediately into a sulfonate which 
lacks the yeast-stimulating activity. 

Since a sensitive and accurate method was at 
hand for the measurements of thiamin and the 
active PAYF, it was possible to investigate the 
relationship in man between these two compounds. 
The existence in the blood and urine of two sub- 
stances with similar chemical structure suggested 
that the PAYF is either a precursor, or, more 
likely, in view of Robbin’s experiments (14), a 
metabolite of thiamin. Two other possibilities, 
however, existed: that either thiamin or the py- 
rimidine might be converted to the other, or that 
there is no metabolic relationship between the two 
substances. 

It was thought that the facts concerning this 
question could be ascertained by the administration 
of test doses of thiamin and of a pyrimidine com- 
pound known to be an active accelerator of yeast 
fermentation, and then by measurement of the 
changes effected in the concentrations of these 
substances in the white cells and urine. Two 
pyrimidines were available for this purpose : one, 
the synthetic 2-methyl-5-methoxyethyl-6-amino- 
pyrimidine (8), and the other, the pyrimidine 
formed by the alkaline cleavage of thiamin.® 

® The latter substance was prepared by Dr. L. Atkin of 
the Fleischmann Laboratories by heating at 115“ for 4 
hours a solution of thiamin at pH 6.4. After the thia- 
min molecule was cleaved, the solution was acidified to 
pH 5. This solution finally contained 576 micrograms 
per ml. of an active pyrimidine (expressed in thiamin 
equivalents) and 67 micrograms per ml. of thiamin. 
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If thiamin is converted during the course of its 
activity into an active pyrimidine compound, tlien 
the administration of the vitamin should increase 
the white cell content both of thiamin and of 
PAYF. The administration of the pyrimidine 
compound, on the otlicr hand, should increase only 
the white cell content of PAYF. Conversely, if 
the PAYF is a precursor of thiamin, then the ad- 
ministration of the pyrimidine should increase both 
the PAYF and thiamin of the white cells, but the 
administration of thiamin should be followed only 
by an increased white cell thiamin. 

The study of the metabolism of thiamin by the 
blood cells of human beings was made on 5 normal 
adults, 3 females and 2 males. All were on satis- 
factory diets, without supplements of vitamin B,. 
The concentrations of true thiamin and of the 
PAYF in the white cells, erythrocytes and urine 
were determined for each subject 12 hours after 
the last ingestion of food. Then each was given 
intravenously 5 mgm. of thiamin and several days 
later, under the same conditions, 5 mgm. of an 
active pyrimidine. Determinations of the levels 
of true thiamin and of the PAYF in the blood 
cells were made, 1, 3, and 24 hours after each in- 
jection (Table XI, Figures 3, 4). In addition, 
the concentrations of true thiamin and PAYF 
were ascertained in the urine of 9 normal indi- 
viduals collected through the 1st hour, from the 
1st to the 3rd, and from the 3rd to the 24th hour 
after the administration of the test substances. 
All the blood and the first 2 urine specimens were 
obtained when the subject was in the fasting state. 

The levels of true thiamin and the PAYF in the 
white cells, rather than those in the erythrocytes, 
were used as an index of the absorption of those 
substances by the body, because earlier experi- 
ments (cited in Section Illb) indicated that the 
intravenous administration of 1 mgm, doses of the 
vitamin to normal individuals produced a marked 
rise in the white cell total thiamin level but no 
significant changes in the red cell level. 

a. Results after the intravenous administration 
of 5 mgm. of thiamin. The intravenous adminis- 
tration of 5 mgm. of thiamin to the normal sub- 
jects was followed within 3 hours by increases in 
the levels of true thiamin in the white cells (Fig- 
ure 3) . These levels ranged from 80 per cent to 
132 per cent above their original values. The 


average increase was 100 per cent. In all in- 
stances, the administration of thiamin also pro- 
duced within the first 3 hours significant increases 
in the white cell levels of PAYF. The post- 
treatment levels ranged from 41 per cent to 180 

TABLE XI 


The concentrations of true thiamin and of FA YF* in the 
white celts and erythrocytes of normal individuals given 
thiamin and 2-methyl-5-melkoxyethyl-6-amino-pyrimidine 


Subject 

Injection 

Hours 

after 

injec- 

tion 

White blood 
cells 

Red blood 
cells 

True 

thia- 

min 

PAYF 

True 

thia- 

min 

PAYF 




microgf 

ams per 

microgt 

ams per 




100 ml. 

100 ml. 

J.H. 

5 mgm. Bi 

0 

81 

26 

14.2 

2.3 



1 

155 

35 

11.5 

2.3 



3 

78 

71 

8.6 

9.7 



24 

90 

26 

13.5 

2.6 


5 mgm. 6AP 

0 

68 

97 

11.2 

2.4 



1 

66 

130 

0 

18.0 



3 

84 

47 

13.0 

2.4 



24 

45 

32 

13,1 

4.3 

P. R. 

5 mgm. Bi 

0 

SO 

16 

6.3 

1.1 



1 

105 

40 

5.0 

2.1 



3 

95 

25 

12.0 

5.6 



24 

56 

IS 

7.6 

2.2 


5 mgm. 6AP 

0 

70 

44 

6.4 

1.3 



1 

30 

50 

8.1 

5.7 



3 

63 

194 

15.0 

15 



24 

330 

70 

0 

10 

A. B. 

5 mgm. Bi 

0 

100 

43 

11.1 

4.5 



1 

232 

42 

7.7 

4.4 



3 

32.5 

98.5 

11.8 

4.5 



24 

66.5 

33.5 

8.2 

4.0 


5 mgm. 6AP 

0 

100 

43 

7.2 

3.0 



1 

66 

80 

9.2 

11.4 



3 

96.5 

71.5 

13.6 

3.4 



24 

131 

40 

1.2 

3.3 

M. H. 

5 mgm. Bi 

0 

50 

29 

3.0 

7.0 



1 

89 

41 

8.7 

5.5 



3 

77 

40 

8.4 

4.2 



24 

369 

13 

5.3 

1.1 


5 mgm. 6AP 

0 

58 

50 

3.2 

5.0 



1 

33 

235 

0 

16.1 



3 

83 

59 

7,1 

7.2 



24 

90 

10 

9.0 

5.0 

A. S. 

S mgm. Bi 

0 

165 

31 

12.5 

2.1 



1 

236 

61 

11.7 

3.8 



3 

236 

40 

3.2 

4.5 



24 

148 

8 

9.7 

3.1 


5 mgm. 6AP 

0 

69 

11 

10.0 

5.0 



1 

S3 

67 

7.4 

11.1 



3 

52 

45 

8.5 

1.5 



24 

106 

34 

1 

3.7 

lO.O 


* PAYF expressed in micrograms of thiamin equivalents. 
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capacity to absorb thiamin, but can absorb only a 
limited amount of the substance. This fact would 
suggest, therefore, that individuals who are taking 
an apparently normal diet but who have low 
leukocyte and platelet levels of total thiamin pos- 
sibly are in a clinical or subcliiiical deficiency state 
as regards vitamin 

The intravenous administration of 1 mgm. of 
crystalline thiamin to 2 normal individuals also 
raised the levels of total thiamin in the leukocytes 
and platelets. In the case of N. Y., the white 
cell total thiamin level promptly rose from 140 
micrograms to 850 micrograms per 100 ml. within 
1 hour, but gradually returned to its original value 
by the next day. The white cell total thiamin 
level of M. R. also rose from 49 to 160 micro- 
grams per 100 ml. of cells within 1 hour after 
the thiamin injection and returned to its original 
level by the next day. No significant changes 
were observed in the levels of total thiamin of the 
erythrocytes of these 2 individuals after the 1 
mgm. dose. 

Therefore, from the evidence presented, it may 
be concluded that the level of total thiamin in the 
white cells, and perhaps in the erythrocytes, is an 
index of the degree of thiamin saturation of the 
organism. 

IV. The metabolism of thiamin by the normal 
individuals 

The thiamin molecule is composed of two 
nuclei: the pyrimidine and the thiazol (Figure 1). 
The fact has been established that yeast and other 
forms of plant life can synthesize thiamin from 
the derivatives of pyrimidine which hydrolyze in 
solution to form 2-methyl-5-hydroxymethyI-6- 
amino-pyrimidine (12). 

The vitamin also is broken down by these micro- 
organisms with the destruction of the thiazol ring 
and liberation of the free pyrimidine (13). No 
such mechanism has been proved to occur in the 
animal. Robbins et al. ( 14) found that, while the 
polyneuritis of pigeons could be cured by feeding 
a mixture of pyrimidine and thiazol, the amounts 
needed were several thousand times that of an 
equivalent and curative amount of thiamin. They 
concluded, therefore, that pigeons had only a slight 
capacity for the synthesis of the vitamin from its 
two nuclei. In the human it is unknown whether 
the pyrimidine compound is a precursor or a break- 


down product of thiamin, or, indeed, if it bears any 
metabolic relationship to the vitamin at all. 

In their study of the specificity of thiamin in 
the acceleration of yeast fermentation, Schultz, 
Atkin and Frey (8) tested numerous pyrimidine 
derivatives. They were able to show that of all 
the pyrimidine compounds tested for thiamin- 
like, yeast-stimulating activity, only 2-methyl-5- 
hydroxymethyl-6-amino-pyrimidine, or compounds 
which in solution conceivably could hydrolyze to 
form that substance, possessed such activity. As 
previously indicated, compounds which could hy- 
drolyze to form this hydroxy derivative do not 
form a sulfonate with the sulfite used to cleave the 
thiamin, but remain free to accelerate the fer- 
mentation. On the other hand, the pyrimidine 
nucleus which is split from the thiazol by sulfite 
is converted immediately into a sulfonate which 
lacks the yeast-stimulating activity. 

Since a sensitive and accurate method was at 
hand for the measurements of thiamin and the 
active PAYF, it was possible to investigate the 
relationship in man between these two compounds. 
The existence in the blood and urine of two sub- 
stances with similar chemical structure suggested 
that the PAYF is either a precursor, or, more 
likely, in view of Robbin’s experiments (14), a 
metabolite of thiamin. Two other possibilities, 
however, existed: that either thiamin or the py- 
rimidine might be converted to the other, or that 
there is no metabolic relationship between the two 
substances. 

It was thought that the facts concerning this 
question could be ascertained by the administration 
of test doses of thiamin and of a pyrimidine com- 
pound known to be an active accelerator of yeast 
fermentation, and then by measurement of the 
changes effected in the concentrations of these 
substances in the white cells and urine. Two 
pyrimidines were available for this purpose: one, 

the synthetic 2-methyl-5-methoxyethyl-6-amino- 

pyrimidine (8), and the other, the pyrimidine 
formed by the alkaline cleavage of thiamin.® 

® The latter substance was prepared by Dr. L. Atkin of 
the Fleischmann Laboratories by heating at 115° for 4 
hours a solution of thiamin at pH 6.4. After the thia- 
min molecule was cleaved, the solution was acidified to 
pH 5. This solution finally contained 576 micrograms 
per ml. of an active pyrimidine (expressed in thiamin 
equivalents) and 67 micrograms per ml. of thiamin. 
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If thiamin is converted during the course of its 
activit)’ into an active pyrimidine compound, then 
the administration of the vitamin should increase 
the white cell content both of thiamin and of 
PAYF. The administration of the pyrimidine 
compound, on the other hand, should increase only 
the white cell content of PAYF. Conversely, if 
the PAYF is a precursor of thiamin, then the ad- 
ministration of the pyrimidine should increase both 
the PAYF and thiamin of the white cells, but the 
administration of thiamin should be followed only 
by an increased white cell thiamin. 

The study of the metabolism of thiamin by the 
blood cells of human beings was made on 5 normal 
adults, 3 females and 2 males. All were on satis- 
factory diets, without supplements of vitamin B,. 
The concentrations of true thiamin and of the 
PAYF in the white cells, eiythrocjTes and urine 
were determined for each subject 12 hours after 
the last ingestion of food. Then each was given 
intravenously 5 mgm. of thiamin and several days 
later, under the same conditions, 5 mgm. of an 
active pyrimidine. Determinations of the levels 
of true thiamin and of the PAYF in the blood 
cells were made, 1, 3, and 24 hours after each in- 
jection (Table XI, Figures 3, 4). In addition, 
the concentrations of true thiamin and PAYF 
were ascertained in the urine of 9 normal indi- 
viduals collected through the 1st hour, from the 
1st to the 3rd, and from the 3rd to the 24th hour 
after the administration of the test substances. 
All the blood and the first 2 urine specimens were 
obtained when the subject was in the fasting state. 

The levels of true thiamin and the PAYF in the 
white cells, rather than those in the erythrocytes, 
were used as an index of the absorption of those 
substances by the body, because earlier experi- 
nients (cited in Section Illb) indicated that the 
intravenous administration of 1 mgm. doses of the 
vitamin to normal individuals produced a marked 
rise in the white cell total thiamin level but no 
significant changes in the red cell level. 

II. Results after the intravenous administration 
of 5 mgm. of thiamin. The intravenous adminis- 
tration of 5 mgm. of thiamin to the normal sub- 
jects was followed within 3 hours by increases in 
the levels of true thiamin in the white cells (Fig- 
ure 3). These levels ranged from 80 per cent to 
132 per cent above their original values. The 


average increase was 100 per cent. In all in- 
stances, the administration of thiamin also pro- 
duced within the first 3 hours significant increases 
in the white cell levels of PAYF. The post- 
treatment levels ranged from 41 per cent to 180 

TABLE XI 


The concentrations of true thiamin and of PAYF* in the 
while cells and erythrocytes of normal individuals given 
thiamin and 2-methyl-5-methoxyethyl-6-amino-pyrimidine 


Subject 

Injection 

Hours , 
after 
injec- 
tion 

White blood 
cells 

Red blood 
cells 

True 

thia- 

min 

PAYF 

True 

thia- 

min 

PAYF 




micro p- 

ants per 

micro gr 

ams per 


1 


100 ml. 

too ml. 

J.H. 

5 mgm. Bi 

0 

81 

26 

14.2 

2.3 



1 

155 

35 

11.5 

2.3 



3 

78 

71 

8.6 

9.7 



24 

90 

26 

13.5 

2.6 


5 mgm. 6AP' 

0 

68 

97 

11.2 

2.4 



1 

66 

130 

0 

18.0 



3 

84 

47 

13.0 

2.4 



24 

45 

32 

13.1 

4.3 

P. R. 

1 

5 mgm. Bi i 

0 

50 

16 

6,3 

1.1 



1 

105 

40 

5.0 

2.1 



3 

95 

25 

12.0 

5.6 



24 

56 

15 

7.6 

2.2 


S mgm. 6.4P| 

0 

70 

44 i 

6.4 

1.3 


1 

1 

1 

30 

SO 

8.1 

5.7 



3 

63 

194 

15.0 

15 



24 

330 

70 

0 

10 

A. B. 

5 mgm. Bi 

0 

100 

43 

11.1 

4.5 



1 

232 

42 

7.7 

4,4 



3 

32.5! 

98.5 

11.8 

4.5 



24 

66.5 

33.5 

8.2 

4.0 


5 mgm. 6AP 

0 

100 

43 

7.2 

3.0 



1 

66 

80 

9.2 

11.4 



3 

96.5 

71.5 

13.6 

3.4 



24 

131 

40 

1.2 

3.3 

M. H. 

5 mgm. Bi 

0 

50 

29 

3,0 

7.0 



1 

89 

41 

8.7 

5.5 



3 

77 

40 

8.4 

4.2 

1 

1 


24 

369 

13 

5.3 

1.1 


5 mgm. 6AP 

0 

58 

50 

3.2 

5.0 



1 

33 

235 

0 

16.1 



3 

83 

59 

7.1 

7.2 



24 

90 

10 

9.0 

5.0 

A.S. 

5 mgm. Bi 

0 

165 

31 

1 12.5 

2.1 



1 

236 

61 

11.7 

3.8 



3 

236 

40 

3.2 

4.5 



24 

148 

8 

9.7 

3.1 


5 mgm. 6AP 

0 

69 

11 

10.0 

5.0 



1 

1 53 

1 67 

7.4 

11.1 



3 

1 52 

45 

8.5 

1.5 



24 

106 

34 

3.7 

10.0 


* PAYF expressed in micxograms of thiamin equivalents. 
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Fig. 3. The Levels of Thiamin and of PAYF in White Cells and Erythrocytes of Normal 
Individuals after the Intravenous Administration op Mgm. of Thiamin and S Mgm. of 2-Methyl- 
5-MethoxyethyL'6-Amino-Pyrimidine 


per cent of the original value, and averaged 143 
per cent. 

The concentrations of both true thiamin and the 
PAYF in the white cells tended to return to their 
base levels within 24 hours. Only in the subject 
M. H. did the thiamin level at 24 hours continue 
to rise. 

The levels of true thiamin and the PAYF in the 
eiythrocytes changed in a much less consistent 
manner after the administration of the vitamin. 
The erythrocyte true thiamin level rose in only 2 
of the 5 subjects, and the PAYF in 3. 

The urinary excretions of true thiamin and of 
the PAYF during the next 24 hours were in- 
creased significantly in all of 8 subjects who re- 
ceived injections of the vitamin (Tables XII, 
XIII, Figure 4). The true thiamin outputs in the 
24 hours after the injection ranged from 51 per 
cent to 1610 per cent above the outputs of the 
previous day and from 121 per cent to 835 per 
cent above the average of the true thiamin ex- 


creted during all of the control days. The excre- 
tions of PAYF ranged from 52 per cent to 276 per 
cent above those of the previous day, and from 89 

TABLE XII 

Micrograms of thiamin excreted per day in the urine Oj 
individuals before and after the intravenous 
injection of thiamin 


Subject 

Control period 

After injection 

Num- 

ber 

of 

days 

Urinary 
thiamin 
range per 
day 

1 

Aver- 

age 

per 

day 

Highest 
per cent 
dail^ 
variation 

24- 

hour 

out- 

put 

Per cent 
increase over 

Pre- 

vious 

day 

Aver- 

age 

con- 

trol 

day 

T T 

9 

76-227 

140 

200 

760 

538 

442 

I H. 

6 

179-421 

235 

1 135 

1530 

1 300 

551 

M P 

6 

53-168 

111 

216 

714 

1249 

543 

N N 

5 

140-348 

270 

143 

1465 

991 

442 

M H 

4 

66-101 

83 

53 

726 

1000 

775 

A B. 

2 

25- 63 

44 

152 

411 

1610 

835 

P. R. 

4 

158-314 

214 

99 

474 

51 

12l 

A. S. 

3 

158-296 

229 

87 

859 

190 

275 
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TABLE Xltr 

MicTogToms of PA YF * excreted per day in the urine of 
individuals before and after the intravenous 
injection of thiamin 




Conlrol period 


After Injection 

Subject 

Num- 

ber 

of 

Urin.ory 
PAYF 
ratiKC per 

Aver- 

age 

per 

HiKbesl 
per cent 
daily 

24- 

hour 

out- 

Per 

inaca. 

cent 
sc over 

Aver- 


days 

day 

day 

variation 

put 

Pre- 

vious 

day 

age 

con- 

trol 

day 

j.j. 

9 

294-525 

368 

78 

1280 

276 

248 

J.H. 

6 

351-910 

556 

159 

2930 

222 

428 

M. P. 

6 

126-282 

198 

124 

561 

198 

183 

N. N. 

5 

215-300 

263 

40 

805 

258 

207 

M. H. 

4 

300-580 

426 

93 

862 

187 

102 

A. B. 

2 

169-220 

194 

35 

479 

116 

147 

P. R. 

4 

408-574 

460 

41 

870 

52 

89 

A. S. 

3 

222-332 

250 

50 

530 

60 

112 


* Expressed in micrograms of thiamin equivalents. 


per cent to 428 per cent above the average PAYF 
excretions of all the control days. In each subject 
the injection of thiamin resulted in increased out- 
puts of both thiamin and of pyrimidine. These 
were too great to be explained by the normal daily 
variation. 

From the evidence presented, therefore, it would 
appear that the intravenous injection of thiamin 
into normal individuals is followed consistently 
by significantly increased white cell and urinary 
concentrations of thiamin and of PAYF. 

b. Restilfs of the hUravetwus administration of 
the active pyrhnidine compounds. The adminis- 
tration of 5 mgm.® of 2-methyI-5-methoxyethyl-6- 
amino-pyrimidine to 5 normal individuals increased 
■within the first 3 hours their white cell concentra- 
tions of PAYF from 34 per cent to 660 per cent 
above the base levels (Figure 3). The average 
increase of the white cell level of PAYF was 333 
per cent. The level of true thiamin in the white 
cells was elevated in only 1 subject (M. H.) 3 
hours after the injection, but in 3 subjects 24 
hours after the injection. In the erythrocytes the 
injection of the synthetic 6-amino-pyrimidine 
■was followed by increased concentrations of the 
PAYF which ranged from 220 per cent to 1000 
per cent; the average increase was 492 per cent. 
In 3 individuals the true thiamin levels of the 
red cells also were increased significantly, from 88 

® This amount of 2-methyl-5-methoxyethyl-6-amino- 
pyrimidine is equivalent to 10.6 mgm. of thiamin. 


per cent to 130 per cent and the levels of both 
true thiamin and of PAYF did not return in all 
instances to their base levels 24 hours after the 
injection of the 6-amino-pyrimidine. 

The intravenous administration of 5 mgm. of 
2-methyl-5-methoxyethyl-6-amino-pyrimidine to 5 
normal individuals increased the urinary excretion 
of the PAYF during the next 24 hours in 4 of the 
5 instances from 20 per cent to 127 per cent. The 
average increase was 72 per cent (Figure 4, Table 
XIV). The excretion of PAYF by the fifth indi- 
vidual in the 24-hour test period was 20 per cent 
less than that of his average excretion. It is in- 
teresting to note that the urinary output of PAYF 
after the injection of 5 mgm. of 2-methyl-5- 
methoxyethyl-6-amino-pyrimidine is considerably 

TABLE XIV 

Micrograms of PAYF* excreted per day in the urine of 
individuals before and after the intravenous injection of 
2-nielhyl-5-methoxyetkyl-6-amino-pyrimtdine 




Control period 


After injection 

Subject 

Num- 

ber 

of 

! Urinary 
! PAYF 
range per 

1 

Aver- 

age 

per 

Highest 
per cent 
daily 

24- 

hour 

out- 

Per 

inaeai 

cent 
se over 

Aver- 


days 

day 

day 

variation 

put 

Pre- 

vious 

day 

age 

con- 

trol 

day 

M. H. 

4 

300-580 

426 

93 

408 

11 

-20 

A. B. 

2 

169-220 

194 

35 

356 

13 

84 

P. R. 

4 

408-514 

460 

41 

553 

18 

20 

A. S. 

3 

222-332 

250 

50 

568 

156 

127 

J. H. 

6 

351-910 

1 

556 

159 

880 

43 

58 


* Expressed in thiamin equivalents. 


less than the urinary output of PAYF after the 
injection of 5 mgm. of thiamin (Table XIII). 

This observation suggested the possibility that 
the form in which the pyrimidine degradation 
product of thiamin occurs in the body is not 
the 2-methyl-5-metho3qfethyl-6-amino-pyrimidine. 
Therefore, it seemed advisable to inject another 
active pyrimidine which probably bore a closer re- 
lationship to thiamin degradation than did the syn- 
thetic 2-methyl-5-methoxyethyI-6-amino deriva- 
tive. The pyrimidine selected was that formed by 
the alkaline cleavage of the vitamin. This com- 
pound was suggested and prepared by the Fleisch- 
mann Laboratories and, of that preparation, 
amounts equivalent to 5 mgm. of 2-methyl-5- 
methoxyethyl-6-amino-pyriniidine were given in- 
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Fig. 4C 


Fig. 4-A, B, C. The Urinary Excretion of Thiamin and of PAYF in Normal Individuals after 
THE Intravenous Administration of 5 Mom. of Thiamin and 5 Mgm. of 6-Amino-Pyrimidine 


travenously to 4 normal individuals. (However, 
the volume of this material which contained 5.0 
mgm. of pyrimidine compound also contained 1.24 
mgm. of thiamin.) 

The results of the use of the pyrimidine formed 

table XV 


Micrograms of thiamin excreted per day in the urine of 
individuals before and after the intravenous injection 
of 2-melhyi-5-melhoxyethyl-6-amino-pyrimidine 




Control period 


After injection 

i 

Subject 

Num- 

ber 

of 

Urinary 
thiamin 
range per 

Aver- 

age 

per 

1 

Highest 
per cent 
daily 

24 - 

hour 

out- 

Per 

increa 

cent 
se over 

Aver- 


days 

day 

day 

variation 

1 

put 

Pre- j 
vious ! 
day 1 

age 

con- 

trol 

day 

M. H. 

4 

66-101 

83 

53 

195 

93 

135 

A. B. 

2 

25- 63 

44 

152 

136 

170 

209 

P. R. 

4 

158-314 

214 

99 

152 

-20 

-28 

A. S. 

3 

158-296 

229 

87 

125 

-20 

-SO 

J.H. 

6 

179-421 

350 

135 

558 

1 

340 

60 


by the cleavage of the vitamin are included in Ta- 
bles XVI and XVII. The 24-hour urinary excre- 
tions of PAYF which followed the intravenous 
injection of the alkaline-cleavage product were 
significantly higher than those found after the 
administration of equivalent amounts of the 5- 
methoxy-pyrimidine, but the recoveries of PAYF 
in the urine still were not quantitative. The uri- 
nary excretion of PAYF by the 4 individuals dur- 
ing the 24 hours which followed their injection 
of alkaline-cleaved vitamin ranged only from 728 
to 1790 micrograms, or from 100 to 589 per cent 
more than their average daily urinary output of the 
compound. A part of this increased excretion of 
PAYF after the administration of the cleaved 
thiamm might have been due to the 1240 micro- 
grams of the vitamin which were injected simul- 
taneously. 

It is to be noted that the intravenous injection 
o either of these pyrimidine preparations into the 
9 normal individuals was followed by a signifi- 
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cantly increased urinary excretion of thiamin in 
only 2 (Tables XV and XVII). 

The results obtained in these experiments in- 
dicate that the intravenous administration of thia- 
min is followed consistently by significantly in- 

TABLE XVI 


Micrograins of PA YF * excreted per day in the urine of 
individuals before and after the intravenous injection 
of the alkaline-cleaved products of thiamin 



1 

1 

Control period 


After injection 

Subject 

Num- 

ber 

of 

Urinary 
PAYF 
ranee per 

Aver- 
age 1 
per 

Highest 
per cent 
daily 

24- 

hour 

out- 

Per 

increa 

cent 
se over 

Aver- 


days 

day 

day 

variation 

put 

Pre- 

vious 

day 

age 

con- 

trol 

day 

J- J- 

9 

294-S25 

368 

178 

728 

287 

100 

J.H. 

6 

351-910 

556 

159 

1630 

128 

193 

M. P. 

6 

126-282 

198 

124 

978 

204 

393 

N. N. 

5 

215-300 

263 

40 

1790 

589 

589 


* Expressed in thiamin equivalents. 


TABLE XVII 


Micrograms of thiamin excreted per day in the urine of 
individuals before and after the intravenous injection 
of the alkaline-cleaved products of thiamin 




Control period 


1 After injection 

Subject 

Num- 

ber 

of 

Urinary 
thiamin 
range per 

Aver- 
age 
per 1 

Highest 
per cent 
daily 

24- 

hour 

out- 

Per 

increa 

cent 
se over 

Aver- 


days 

day J 

day 

variation 

put 

Pre- 

vious 

day 

age 

con- 

trol 

day 

J- J. 

9 

76-227 

140 

200 

202 

42 

44 

J. H. 

6 

179-421 

350 

135 

290 

-15 

-17 

M. P. 

6 

53-168 

111 

216 

102 

-50 

9 

N. N. 

5 

140-348 

270 

143 

210 

31 

1 

-22 


creased concentrations of PAYF in the white 
cells and in the urine. The injection of two 
biologically active pyrimidine compounds is fol- 
lowed by no consistent change in the urinary 
excretion of thiamin and by a less marked increase 
in urinary excretion of PAYF than that which 
followed the administration of thiamin. These 
results, then, would support the hypothesis that, 
normally, the PAYF which occurs in blood cells 
and urine is formed from the vitamin during its 
metabolism. 


DISCUSSION 

The average thiamin level of the normal white 
cells was found to be about 10 times that of the 
normal erythrocytes, a distribution similar to that 
of vitamin (15) and of vitamin C (16). The 
greater concentrations of vitamins Bi, B^ and C in 
the white cells probably can be explained by the 
fact that, of the several blood components, the 
white cells most closely resemble actively metabo- 
lizing tissue. The respiratory rate (QOj) of 
leukocytes and platelets also is about 100 to 1000 
times that of erythrocytes (17), a ratio of a 
much higher order of magnitude than that of the 
distribution of the 3 vitamins which are known 
to function as essential parts of respiratory 
enzymes. 

The present study would indicate that, in the 
course of its metabolism, thiamin is broken down 
to the PAYF compound. The evidence upon 
which this conclusion is based is that the intra-. 
venous administration of thiamin to normal indi- 
viduals is followed consistently by a significant 
increase in the concentrations of the PAYF in 
the blood cells and urine. 

It must be recognized, however, that another 
mechanism could explain this observation — that 
the PAYF in the blood and urine might have been 
formed not necessarily as a result of utilization of 
thiamin by the body, but rather by the spontaneous 
breakdown of the vitamin. The increased white 
cell content and urinary excretion of PAYF after 
the administration of thiamin would reflect, then, 
only the presence of an increased amount of thia- 
min with the possibility of greater total break- 
down. However, if this were the case, namely, 
that all the PAYF was a spontaneous breakdown 
product of thiamin, the administration of the 
vitamin to all individuals under all circumstances 
should result in the spontaneous production of 
PAYF. This should be true irrespective of the 
existence of an abnormality in the utilization of 
thiamin, since such an abnormality should not 
alter the rate of spontaneous decomposition which 
the vitamin undergoes in the organism. 

This explanation of spontaneous decomposition 
of thiamin, however, is not tenable because such 
an abnormality in the metabolism of the vitamm 
has been found in the leukemic patient. The dis- 
covery of that abnormality provided an oppor- 
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tunity of subjecting to experimental test the thesis 
just discussed. The administration of thiamin to 
the leukemic individual is not followed by any in- 
crease in the PAYF content of his white cells. 
The details of that study form the subject of a 
separate paper (IS), but the obser\’ation is intro- 
duced here to indicate that the mere presence of 
thiamin is not enough to account for the simul- 
taneous production of PAYF. The obser\'ation 
that an increased requirement of thiamin is asso- 
ciated with an increased consumption of carbo- 
hydrate foods, with pregnancy, and with fevers 
(19) also indicates that some of the vitamin is 
destroyed during its phj’siologic activity. At 
present, it would appear, therefore, that the 
PAYF is one of the metabolic products of thiamin 
in the human organism. 

The work of Robbins ci al. (14) indicates that 
in the animal organism thiamin cannot be synthe- 
sized from its pyrimidine analogue. Likewise, 
from tlie present experiments it would appear 
that in man no significant amount of the vitamin 
could be formed consistently from the adminis- 
tration either of the synthetic 2-methyl-5-methoxy- 
ethyl-6-amino-pyrimidine, or of the pyrimidine 
produced by the alkaline cleavage of thiamin. 
Both of those pyrimidines are active accelerators 
of yeast fermentation and are related closely in 
chemical structure to the pyrimidine incorporated 
in the thiamin molecule. However, the fact that 
the administration of either of those substances 
was followed by a smaller urinary excretion of 
PAYF than occurred after the administration of 
the vitamin itself would suggest strongly that the 
PAYF formed from thiamin differs from the two 
pyrimidines used in this investigation. Until the 
P AYF normally found in blood and urine can be 
isolated and administered, no conclusion can be 
drawn as to its ability to produce thiamin in man. 

CONCLUSIONS 

1. Methods for the determination of thiamin 
and the pyrimidine accelerator of yeast fermenta- 
tion (PAYF) have been adapted for application 
to the white cells and erythrocytes of normal 
individuals. 

2. The thiamin concentration of the leukocytes 
and platelets is about 10 times that of the erythro- 


cytes, a distribution which probably reflects the 
respiratory activity of the white blood cells. 

3. The white blood cell levels of thiamin reflect 
the thiamin deficiency and saturation of the body. 

4. White cells do not differ in their capacity to 
absorb thiamin, but can absorb only a limited, 
maximum amount of the vitamin. 

5. In the course of its metabolic activit)', thiamin 
probably is broken down to the PAYF compound. 

After this communication was accepted for 
publication, Wertz and Mitchell (20) demon- 
strated that the oral administration of from 2 to 
4 mgm. of thiamin to normal individuals was 
followed by an increased urinaiy excretion of 
PAYF. These investigators conclude that PAYF 
is a metabolic breakdown product of the vitamin. 
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The term "total thiamin” is used to include all these 
substances capable of stimulating fermentation by yeast 
under the conditions of the experimental procedure. The 
values of PAYF are expressed in micrograms of thiamin 
which have an equivalent yeast-stimulating activity. The 
true thiamin finally is calculated as the difference be- 
tween total thiamin and the PAYF. 


disease marked by a predominance of blast forms. 
The white cells of these patients showed no greater 
concentrations of total thiamin than were found 
in the cells of patients with chronic forms of the 
disorder marked by more mature cellular elements. 


RESULTS 

The results are presented in two parts: (A() 
The levels of thiamin and PAYF in the blood cells 
and urine of patients with leukemia and other dis- 
eases; and (B) Evidence by which the abnormal 
concentrations of these substances can be explained. 

A. The levels of thiamin and PAYF in the blood 
cells and urine of patients rvith leu- 
kemia and other diseases 

1. The total thiamin concentrations in the white 
cells of patients with leukemia. The concentra- 
tions of total thiamin in the white cells of 33 pa- 
tients with leukemia ranged from 85 to 600 micro- 
grams per 100 ml. of cells. The average value 
was 277 micrograms per 100 ml., or about 3 times 
the normal average (normal average is 100 micro- 
grams). Of the 33 patients, 27 or 82 per cent, 
had white cell total thiamin levels above the high- 
est normal (normal range is from 48 to 183 micro- 
grams per 100 ml.) (Table I, Figures 1 and 2). 

Of the 33 patients, 18 with myeloid leukemia 
had white cell thiamin concentrations which 
ranged from 85 to 600 micrograms per 100 ml. and 
averaged 296 micrograms per 100 ml. This group 
of patients included a child with chronic eosinophi- 
lic leukemia whose white cell thiamin value was 
350 micrograms per 100 ml. of cells. 

Fourteen individuals with lymphatic leukemia 
had white cell total thiamin levels from 160 to 
520 micrograms per cent, and averaged 270 micro- 
grams per cent. The 1 adult with chronic mono- 
cytic leukemia had a total thiamin level of 345 
micrograms per 100 ml. of white cells. 

The frequency with which high levels of white 
cell thiamin were encountered in patients with leu- 
kemia suggested immediately that the levels might 
reflect the type or severity of the disease or the 
comparative youth of the cell types affected. No 
such correlation could be established. Of the 33 
patients, 1 with myeloid and 4 with lymphoid leu- 
kemia (Table II) were in an acute phase of the 


TABLE I 


Micrograms of total thiamin, true thiamin and of PAYF* 
per 100 ml. of blood cells of patients with leukemia 


Patient 

Age 

Sex 

Form of 
disease 

Total 

thiamin 

White blood 
ceils 

Red blood 
cells 





micr 

1 

ogram 





per 100 m 

P.S. 

19 

M 

Myeloid 

42C 

20 

E.C. 

18 

M 

Myeloid 

250 

19 

M.B. 

26 

M 

Myeloid 

240 

20 

W.K. 

48 

M 

Myeloid 

325 

30 

J.L.P. 

45 

M 

Myeloid 

235 

20 

M.S. 

38 

M 

Myeloid 

85 

7 

J.A. 

42 

M 

Myeloid 

410 

20 

G.S. 

52 

M 

Myeloid 

240 

6 

N.M. 

12 

F 

Myeloid 

350 

25 

S.M.C. 

60 

F 

Myeloid 

ISO 

14 

A.F. 

53 

F 

Myeloid 

275 

14 

M.B. 

13 

F 

Myeloid 

300 

12 

I.L. 

26 

F 

Myeloid 

565 

68 

E.S. 

4 

M 

Lymphoid 

240 

14 

S.G. 

38 

M 

Lymphoid 

170 

22 

L.G. 

10 

M 

Lymphoid 

520 

69 

D.P. 

51 

M 

Lymphoid 

300 

18 

J.v. 

52 

M 

Lymphoid 

180 

18 

M.V. 

54 

M 

Lymphoid 

340 

15 

J.R. 

47 

M 

Lymphoid 

160 

ll 

J-T. 

4 

M 

Lymphoid 

165 

25 

S.H. 

61 

M 

Lymphoid 

280 

24 

T.M. 

7 

M 

Lymphoid 

225 

16 

J.K. 

7 

M 

Lymphoid 

170 

6 

P.K. 

6 

F 

Lymphoid 

430 

9 

J.B. 

50 

M 

Monocytic 

5^4 

32 

S.G. 

35 

F 

Myeloid 

302 

25 

M.K. 

40 

F 

Myeloid 

232 

9.4 

J.K. 

37 

F 

Myeloid 

200 

20.5 

L.J. 

50 

M 

Myeloid 

230 

9 

J.W. 

55 

M 

Myeloid 

600 


A.M. 

48 

M 

Lvmphoid 

256 

12.9 

A.B. 

54 

M 

Lymphoid 

238 

36.6 




Average 

277 

22 


True 

thiamin 


o 

3 

o 


o 

2 

QJ w 

(Ss 


PAYF 


w 

ct!S 


tnicrogramsi 
per 100 ml. 


mtcrograms 
per 100 ml. 


266| 

221 

167 

226 

569 

246 : 

214; 


273 


17.7 

9.4 
18.0! 

7.4 
20.41 
11.9 
28.6 


26.2 


36 

11 

33 

4 

31 

10 

24 


21.3 


7.3 

1.0 

2.5 

1.6 
21.6 

1.0 

8.0 


6.1 


* Expressed in thiamin equivalents. 


The white cell thiamin of the group with acute 
leukemia varied from 220 to 425 micrograms per 
100 ml. of cells and averaged 277 micrograms per 
100 ml., whereas that of the remainder of the pa- 
tients with chronic leukemia ranged from 83 to 
600 micrograms per 100 ml., and averaged 272 
micrograms per 100 ml. 
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Three patients with lymphoid leukemia were in these 3 also had high white cell total thiamin 
an aleukemic phase. Although the disorder in levels; 165, 240 and 280 micrograms per cent, 
these patients M’as marked by relatively few appar- 2. The PAYF concentrations in the white cells 
ently immature circulating leukocytes (Table III), of patients with leuke7nia. The levels of PAYF 



Fic. 1. The Levels of Total Thiamin in the Blood Cells of NoRiiAL Individuals 



Fig. 2. The Levels of Total Thiamin in the Blood Cells of Patients with Leukemia 
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TABLE II 


The Hood cell content of total thiamin of patients with acute leukemia 


Patient 


Blood count 

Marrow 

Total thiamin 


White blood 
cells 

Red blood 
cells 

E. C. 

Myeloid 

Red blood cells 2.21, Hemoglobin 42% 
White blood cells 31,600 

Myeloblasts 60% 

Myelocytes 15% 

Polymorphonuclear leukocytes 18% 
Lymphocytes 7% 

Myeloblasts 

85% 

tnicrograms 

250 

per 100 ml. 

20 

E. S. 

Lymphoid 

Red blood cells 1.50, Hemoglobin 32% 
White blood cells 2800 

Lymphoblasts 80% 

Polymorphonuclear leukocytes 20% 

Lymphoblasts 

100% 

240 

14 

P. C. 

1 

1 

Lymphoid 

Red bood cells 3.75, Hemoglobin 40% 
White blood cells 57,200 

Lymphoblasts 90% 

Polymorphonuclear leukocytes 5% 
Monocytes 5% 

Lymphoblasts 

100% 

425 

1 

9 

1 

A. B. 

Lymphoid 

Red blood cells 2.44, Hemoglobin 45% 
White blood cells 160,000 

Lymphoblasts 100% 

Lymphoblasts 

100% 

220 

30 

E. D. 

Lymphoid 

Red blood cells 3.04, Hemoglobin 61% 
White blood cells 31,000 

Lymphoblasts 98% 

Polymorphonuclear leukocytes 2% 

Lymphoblasts 

100% 

250 

14 



Average 

277 

17.6 


TABLE III 


Total thiamin in the blood cells of patients with aleukemic leukemia 


— 





Total thiamin 

Patient 

Form 

Blood 

1 

Marrow 

White 

blood 

cells 

Red 

blood 

cells 





Tnicrograms 

per 100 ml. 

S, H. 

Chronic 

lymphoid 

Red blood cells 1.76, Hemoglobin 39% 
White blood cells 4600 

Lymphocytes 81% 

Polymorphonuclear leukocytes 12% 
Monocytes 7% 

Lymphoblasts 10% 
Lymphocytes 60% 

280 

24 

J.T. 

Chronic 

lymphoid 

i 

i 

Red blood cells 3.42, Hemoglobin 57% 
White blood cells 5800 

Lymphocytes 68% 

Polymorphonuclear leukocytes 26% 
Monocytes 6% 

Lymphoblasts 16% 
Lymphocytes 58% 

165 

25 

c. s. 

1 

Chronic 

lymphoid i 

Red blood cells 3.23, Hemoglobin 72% 
White blood cells 5500 

Polymorphonuclear leukocytes 63% 
Metamyelocytes 5% 

Monocytes 8% 

Lymphocytes 8% 

Myeloblasts 4% 
Myelocytes 40% 

240 

12 

1 





Average 

228 

27.3 
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were detemnined in the leukocytes and platelets 
of 7 of the 34 patients with all forms of leukemia 
(Table I). These levels ranged from 4 to 36 
micrograms and averaged 21 micrograms per 100 
ml. It is interesting that, whereas the PAYF 
formed from 16.8 per cent to 64.0 per cent (aver- 
age 30.5 per cent) of the total thiamin of normal 
white cells, in the leukemic white cells that sub- 
stance represented only from 2.0 to 16.5 per cent 
(average 7.7 per cent) of the total thiamin. It 
should be noted that no leukemic patient showed 
a per cent PAYF of the total thiamin as high as 
that of the lowest normal (16.8 per cent). 

3. The total thiamin concentration in the erythro- 
cytes of patients with leukemia. The total thia- 
min levels in the red cells were determined in all 
of the 33 patients with leukemia (Table I). In 
general, these levels were higher than the concen- 
trations of total thiamin in normal red cells (1), 
but were not as abnormally elevated as were the 
levels in the leukemic white cells. The total thia- 
min concentrations in the erythrocytes of the 
patients with leukemia varied from 6 to 69 micro- 
grams and averaged 22 micrograms per 100 ml., 
or about twice the normal value (normal average 
10.0 micrograms). Of the 33 patients, 11, or 32 
per cent, had erythrocyte total thiamin levels above 
the highest normal value, and 28, or 82 per cent, 
had levels above the normal average. The fre- 
quency with which elevated erythrocyte thiamin 
levels were encountered is further evidence against 
the view that the abnormally high levels in leu- 
kemic leukocytes reflect simply the immaturity of 
the cells. 

No apparent correlation has been found be- 
tween the erythrocyte level of total thiamin and 
the form or severity of the leukemic process. 

In the 18 patients with myeloid leukemia whose 
erythrocyte thiamin levels were determined, those 
levels varied from 6 to 68 micrograms and aver- 
aged 21 micrograms per cent. Similarly, in the 
14 patients with lymphoid leukemia, the erythro- 
cyte levels of total thiamin ranged from 6 to 69 
micrograms and averaged 23 micrograms per cent. 

The thiamin levels in erythrocytes of the 5 
patients with acute leukemia ranged from 9 to 30 
micrograms and averaged 18 micrograms per 100 
ml., a value only a little less than that of all the 
patients studied (21 micrograms). Finally, the 3 


patients whose disease was in the aleukemic state 
also had elevated levels of the vitamin in their 
red cells : 12, 24 and 25 micrograms per 100 ml. 

4. The concentrations of PAYF in the erythro- 
cytes of patients with leukemia. The concentra- 
tions of PAYF were determined in the red cells 
of 7 of the 33 patients (Table I). These concen- 
trations ranged from 1 to 22 micrograms and 
averaged 6 micrograms per cent. The PAYF 
thus formed from 8 per cent to 51 per cent of 
the total thiamin of the red cells, values which 
are apparently within the normal range (14.0 to 
30.0 per cent). 

Since the blood corpuscles of leukemic individ- 
uals contain excessive amounts of total thiamin, 
the results here presented would explain and con- 
firm the observations of Sinclair (2) and of 
Goodhart and Sinclair (3) that leukemic patients 
occasionally have high concentrations of thiamin 
and cocarboxylase in their whole blood. It would 
appear that had proper corrections been made for 
the anemia of the blood specimens which those 
investigators examined, a higher incidence of 
abnormally high thiamin and cocarboxylase levels 
would have been found. 


TABLE IV 

Micrograms of thiamin and of PA YP * excreted per day in 
the urine of patients with leukemia 


Sub- 

ject 

Weight 

Num- 

ber 

of 

days 

Urinary 
thiamin 
range 
per day 

Av- 

er- 

age 

per 

day 

High- 

est 

per 

cent 

daily 

varia- 

tion 

Urinary 
PAYF 
range 
per day 

Av- 

er- 

age 

per 

day 

High- 

est 

per 

cent 

daily 

varia- 

tion 

J.K. 

kilos 

70 

5 

238-403 

327 

69 

272-419 

360 

54 

P.S. 

68 

10 

57- 74 

65 

23 

192-243 

209 

26 

M.L. 

60 

2 

70- 83 

76 

9 

40- 46 

43 

8 


85 

4 

44- 90 

78 

110 

55-135 

115 

145 

J.W. 

72 

3 

65-215 

165 

230 

245-301 

256 

231 


* Expressed in thiamin equivalents. 


5. The urinary excretion of total thiamin and 
PAYF by patients with leukemia. The excre- 
tions of thiamin and of PAYF have been deter- 
mined in thirteen urine specimens of 5 adults 
with leukemia (Table IV). The urine collections 
were made over periods of from 1 to 4 days, and 
all of the patients had been on an adequate’hos- 
pital diet without added thiamin for several days 
before the collections were begun. 
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The excretion of true thiamin by these 5 pa- 
tients ranged from 44 to 403 micrograms per day. 
The average daily true thiamin output of eacli 
over periods of from 2 to 10 days varied between 
65 and 327 micrograms and averaged 142 micro- 
grams. These values are similar to those of the 
average urinary excretion of true thiamin by each 
of 8 normal individuals which ranged from 83 to 
350 microgiams and averaged ISO micrograms per 
day (1). 

The excretion of PAYF in the thirteen urine 
specimens of the leukemic patients ranged from 
40 to 419 micrograms per day, and the average 
daily output of each ranged from 43 to 360 micro- 
grams. Similarly, the average urinary output of 
PAYF of each of 8 normal individuals varied 
from 194 to 556 micrograms per day, and aver- 
aged 340 micrograms per day (1). Thus the 
values for the urinary excretion of true thiamin 
and PAYF by the 5 leukemic patients were all 
within normal limits. 


TABLE V 


Blood cell total thiamin in patients with Hodgkin's disease 


Patient 


R. E.. 
A. G.. 
M. K. 
P. K.. 
R. N.. 
L. R.. 
J. R... 
F. G.. 


Average 242 


. . . Total thiamin 

White blood Red blood 

celis cells 


mkrograms per 100 ml. 

420 10.2 

160 24.0 

329 19.2 

274 16.4 

264 18.0 

120 13.1 

193 10.0 

187 8.6 


min above the normal range. The values varied 
from 120 to 420 micrograms and averaged 242 
micrograms per 100 ml. of cells, or 2.5 times the 
normal average value. The range of the total 
thiamin in the red cells of this group of patients 
was from 8.6 to 24.0 micrograms and averaged 
14.0 micrograms per 100 ml., or about 1.4 times 


In summary, it has been found that the total 
thiamin levels in the white cells of 33 patients 
with various types of leukemia average about 3 
times the normal average value, and in 85 per cent 
of the patients are above the highest normal. 
The PAYF concentration forms a smaller per- 
centage of the total thiamin in the leukemic white 
cells of all patients than it does in the white cells 
of any normal individual studied. The average 
concentration of total thiamin in the erythrocytes 
of 33 leukemic patients also is abnormally high — 
about twice the normal average concentration — 
but only 32 per cent of the patients studied had 
red cell total thiamin levels above the highest 
normal. In contrast to the finding in white cells, 
the PAYF in the erythrocytes of leukemic pa- 
tients forms a normal percentage of the total 
thiamin. Finally, the patients with leukemia ex- 
crete normal amounts of thiamin a\id PAYF. 

<5. The concentration of total thiamin in the 
blood cells of patients with malignant diseases 
other than leukemia. It was important to deter- 
mine whether or not high total thiamin concen- 
trations were unique for the blood cells of leu- 
kemic patients. Therefore, the blood cells of 
groups of patients with other diseases of equal 
gravity were studied. 

Of 8 patients with Hodgkin’s disease (Table 
V), 6 had white cell concentrations of total thia- 


the normal average level. It is interesting to note 
that this high concentration of thiamin in the 
blood cells of patients with Hodgkin's disease is 
the first indication that these cells are in any way 
abnormal. Furthermore, this observation sug- 
gests that a similar metabolic abnormality marks 
a relationship between the blood cells of patients 
with Hodgkin’s disease and those of patients with 
leukemia. 

Of 24 patients with cancer of the gastro-in- 
testinal tract, the white cell concentrations of total 
thiamin ranged from 33 to 400 micrograms per 
cent, and the average was 179 micrograms per 
cent, or about twice the normal average value 
(Table VI). Of the 24 patients, 11, or 46 per 
cent, had white cell thiamin levels above the high- 
est normal value. The erythrocyte thiamin levels 
of 15 of these 24 patients also were determined. 
These ranged from 4 to 24 micrograms and aver- 
aged 14 micrograms per 100 ml. Only 1 of the 
15 individuals had an erythrocyte thiamin level 
above the normal range. 

Of 5 patients with cirrhosis of the liver (Table 
VII), the white cell concentrations of total thiamin 
in 3 were within normal limits, and in the other 
2 somewhat below the normal range. These con- 
centrations varied from 27 to 175 micrograms and 
averaged 98 micrograms per 100 ml. The red 
cell total thiamin was determined in 4 of these 5 
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TABLE \1 

Blood cell Mai thiamin in patients with cancer 
of the gasiro-intestinai tract 


Total ihiamln 

W^ite blood Red blood 

Palital cells cells 


micTopams fer tOO ml. 


R. M 

.... 164 

11 

L. B 

.... 231 

16 

K. B 

.... 128 

13 

E. B 

.... IIS 

18 

F. F 

.... 284 

17 

F. M 

.... 226 

24 

R. K 

.... 321 

18 

.M. M 

.... 400 

16 

I.C 

.... 58 


M. P 

.... 51 

12 

J. P 

292 

19 

F. P 

274 

13 

J. S 

33 


0. S 

214 

4 

F. VV 

no 

8 

R. L 

202 

13 

A. S 

168 

6 

0. J 

100 


S. K 

80 


L. L 

210 


G. B 

236 


J.W 

131 


F. C 

US 


S.T. 

141 


Average 

179 

14 


patients and ranged from 1.7 to 16.5 micrograms 
per cent and averaged 7.6 micrograms per cent. 

It would appear, therefore, that elevated blood 
cell concentrations of total thiamin are not specific 
for patients with leukemia, but are to be found 
also in the morphologically normal blood cells of 
patients with other neoplastic growths. This fact 
also indicates that the high thiamin levels in leu- 
kemic leukocytes and platelets are not due to the 
immaturity of the cells concerned. 

TABLE VII 

Blood cell total thiamin in patients with cirrhosis of liver 

Total thiamin 

White blood Red blood 


Patient ^Is cells 


micrograms per 100 ml, 

M. R 27 1.7 

H. R 153 16.5 

M. S 94 7.1 

I. T. 175 5.2 

H. H 35 


B. Experiments to determine the cause of the high 
concentrations of thiamin in the blood cells 
of patients with leukemia 

The most probable explanations of the high 
concentrations of total thiamin in the blood cells 


of patients with leukemia are that the patients 
had (1) a high dietary intake of thiamin, (2) 
white cells, which because of their youth, have an 
accelerated rate of normal metabolism, (3) im- 
paired utilization of the vitamin, or (4) faulty 
excretion of the vitamin. 

1. Were the high thiamin levels of leukemic 
white cells due to excessive ingestion of thiamin f 
Since it has been demonstrated in the previous 
communication (1) that the daily intake of from 
10 mgm. to 100 mgm. of thiamin for from 3 to 7 
days can elevate the white cell content of the 
vitamin to the range found in leukemic leukocj'tes 
and platelets, it was necessary to determine 
whether or not the leukemic patients had ingested 
excessive amounts of thiamin. When the dietaiy^ 
histories of the patients w'ere examined, none in- 
dicated that any supplements of thiamin or of 
thiamin-rich extracts had been taken for at least 
3 weeks before admission to the hospital. It is 
therefore impossible to attribute the occurrence 
of high concentrations of blood cell thiamin to an 
abnormally high intake of the vitamin. 

2. Were the high thiamin levels of leukemic 
white cells a function of their youth and conse- 
quently accelerated rate of normal metabolism.^ 
The frequent occurrence of high levels of thiamin 
in leukemic white cells suggested that such eleva- 
tions were due to the comparative youth of the 
cell types affected. From observations already 
presented this explanation appeared to be un- 
tenable. It has been pointed out that: 

a. No significant difference w'as found between 
the concentrations of total thiamin in the white 
cells of patients with acute leukemia and of pa- 
tients with aleukemic leukemia, although the white 
cells of the latter group w-ere much more mature 
than those of the former, 

b. The concentrations of total thiamin were 
elevated in the white cells of 75 per cent of pa- 
tients with Hodgkin’s disease, and of 46 per cent 
of patients with cancer of the gastro-intestinal 
tract. These white cells apparently were morpho- 
logically mature. 

c. Abnormally elevated concentrations of total 
thiamin were found in the red cells of the patients 
with leukemia. There w'as no reason to believe 
that those cells rvere any younger than the erythro- 
cjTes normally found in healthy individuals. 
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Despite this evidence it was desirable to study 
further the possibility that the thiamin concentra- 
tion of cells was a function of their age and 
development, and that higher concentrations ex- 
isted in the younger cells. If it could be demon- 
strated, however, that the thiamin levels in normal 
myelocytes or erythroblasts were not significantly 
higher than those in the mature white cells of the 
peripheral blood, such a hypothesis could be ruled 
out. 

Accordingly, two suspensions of rabbit myelo- 
cytes and two of erythroblasts were made by the 
methods of Warren (5) from the white and red 
marrow, respectively. Three suspensions of ma- 
ture white cells from whole blood were prepared 
by the techniques already described. Determina- 
tions of the total thiamin levels of all of these 
suspensions revealed no significant differences, 
and all the levels were within the range of those 
found in normal mature white cells (Table VIII). 

TABLE VIII 

The total thiamin in the marrow myelocytes, marrow 
erythroblasts, peripheral while cells, and 
peritoneal white cells of rabbits 



Total thiamin 

Peripheral 
white cells 

Marrow 

myelo- 

cytes 

Marrow 

erythro- 

blasts 

Peritoneal 
white cells 



micrograms 

■per 100 ml. 


Rabbit number 1 

too 

171 


328 




\ 

300 

Rabbit number 2 

80 

99 


307 


1 


\ 

206 

Rabbit number 3 

137 


87.5 


Rabbit number 4 

1 


140 

! 


The total thiamin concentrations of the three 
preparations of mature white cells from rabbit 
blood were 80, 100, and 137 micrograms per cent; 
those of the erythroblasts 88 and 140 micrograms 
per cent, and those of the myeloblasts 99 and 171 
micrograms per cent. Since the immature nu- 
cleated marrow cells did not have the abnormally 
high concentrations of the vitamin such as were 
found in leukemic white cells, the possibility was 
excluded that the high thiamin content of leukemic 
leukocytes and platelets reflected only their com- 
parative youth. 


A second approach to this problem was at- 
tempted. By the repeated injection of saline into 
the peritoneal cavity of a rabbit, and the with- 
drawal of the fluid 8 hours later, it is possible to 
recover progressively younger leukocytes in each 
successive exudate (6). In this manner two sus- 
pensions of polymorphonuclear cells and one of 
metamyelocytes were obtained for a comparison 
of their concentrations of intracellular thiamin. 
The measurement of the vitamin in these suspen- 
sions thus would reveal whether or not higher 
concentrations of thiamin existed in younger cells. 

It was found, however, that the two suspensions 
of adult polymorphonuclear cells had thiamin levels 
of 328 and 307 micrograms per 100 ml., whereas 
the subsequently formed metamyelocytes had a 
thiamin concentration of 300 and 206 micrograms 
per 100 ml. Therefore, it appears that not only do 
the younger metamyelocytes have less thiamin than 
do the adult polynuclears, but both cell types ob- 
tained from the exudates have concentrations of 
the vitamin considerably higher than those in the 
adult white cells of the peripheral blood, or in the 
immature marrow cells. It is possible that this 
discrepancy might be due to the fact that the exu- 
date cells, by the nature of their formation, are 
injured cells, and thus are not comparable to 
peripheral or marrow blood cells. 

From the evidence at hand, however, it would 
appear that the concentration of thiamin in the 
white cells is not a function of the age or develop- 
ment of those cells. Therefore, some other ex- 
planation must be sought to explain the high levels 
of thiamin in leukemic leukocytes. 

3. Were the high blood cell thiamin levels due 
to an impaired utilization of the vitamin by the 
cells? In the communication previously referred 
to (1), a method was described for the study of 
the relationship between thiamin and PAYF in the 
normal blood cells and urine. It appeared from 
the evidence that thiamin, during its normal physi- 
ologic activity, probably is converted in the normal 
white cells to the PAYF compound. This con- 
clusion was based on the observation that the in- 
travenous administration of thiamin to normal 
individuals was followed consistently by an im 
mediate and significant increase in the concentra- 
tions of thiamin and PAYF in both the white 
cells and urine. 



In section A. 1. of this study, it was shown that 
)t only were the concentrations of blood cell 
•tal thiamin abnormally high in the leukemic pa- 
ents, but also that the PAYF content of the 
ukocytes and platelets formed a much smaller 
ircentage of the blood cell content of total thiamin 
lan it did in normal white cells. This discrep- 
icy suggested, therefore, that in the leukemic 
hite blood cells the rate or degree of formation 
f PAYF from the vitamin was decreased. 

In order to test that possibility further, it was 
ecessaty to study in leukemics the effects of the 
itravenous administration of thiamin and its prob- 
ble normal metabolite, the PAYF compound, on 
le contents of those substances in the blood and 
rine. Six patients with chronic leukemia — 3 fe- 
rales and 3 males, 5 with myeloid and 1 with 
»mphoid disease — ^\vere used for this study. The 
xperiments were done under the same conditions, 
nd in the same manner as described in the pre- 
eding paper (1). Five of the 6 patients re- 
eived both the thiamin and, several days later, 2- 


mcthyl-5-methoxyethyl-6-amino-pyrimidine. One 
patient received only the intravenous injection of 
the thiamin. 

The results obtained after the administration of 
the test substances to the leukemic individuals were 
in sharp contrast to those observed in normal con- 
trols. The intravenous administration of 5 mgm. 
of thiamin to each of the 5 normal adults had been 
followed by a rise within the first 3 hours of the 
white cell thiamin from 80 per cent to 132 per 
cent, and the average rise was 100 per cent. Like- 
wise, there followed a rise in the white cell PAYF 
of each individual from 41 per cent to 173 per 
cent, and the average rise was 143 per cent. In 
the 6 leukemic patients, on the other hand, the 
administration of 5 mgm. of thiamin intravenously 
was followed in every instance by a fall in the 
white cell concentrations of thiamin, and in 4 of 
the 6 by a fall in the PAYF as weU (Table IX) 
(Figure 3). The thiamin concentration de- 
creased within the first 3 hours after the injection 
by from 4 per cent to 59 per cent, and the average 
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decrease was 32 per cent. The PAYF of the 
leukemic white cells of the 4 patients decreased 
by from 36 per cent to 72 per cent in the first 3 
hours, and the average decrease was 60 per cent. 

TABLE IX 


The concentrations of true thiamin and of PA YF * in the 
white cells and erythrocytes of patients with leukemia given 
thiamin a?id 2-methyl-5-methoxyethyl-6-ammo-pyrimidhie 


Patient 

Given 

Hours 

after 

injec- 

tion 

White blood cells 

Red blood cells 

True 

thiamin 

PAYF 

True 

thiamin 

PAYF 




micro 

grains 

micro 

grams 




per too ml. 

per 100 ml. 

S. G. 

5 mgm. 

0 

266 

36 

17.7 

7.3 


Bi 

1 

216 

10 

13.7 

0 



3 

213 

15 

15.8 

0.6 



24 

212 

16 

13.6 

0.5 


5 mgm. 

0 

238 

33 

13 

1.9 


6AP 

1 

115 

70 

7 

3.1 



3 

27 

36 

15 

14 



24 

66 

56 

10 

5.5 

M. K. 

5 mgm. 

0 

221 

10.7 

9.4 

0 


Bi 

1 

212 

11.2 

10.4 

2.0 



3 

223 

6.9 

9.7 

2.1 



24 

229 

10.9 

6.5 

1.2 


S mgm. 

0 

183 

23.7 

8.2 

1.7 


6AP 

1 

171 

21.6 

9.3 

8.7 



3 

218 

43.0 

10.1 

4.4 



24 

211 

11.0 

6.1 

0.5 

J. K. 

5 mgm. 

0 

167 

33 

18 

2.5 


Bi 

1 

69 

2.4 

15.2 

32.0 



3 

116 

47.5 

12.0 

3.1 



24 

123 

33.5 

9.2 

1.7 


5 mgm. 

0 

146 

17.5 

10.6 

1.8 


6AP 

1 

144 

18.3 

6.1 

9.5 



3 

26.3 

61.7 

13.1 

4.5 



24 

116 

40.4 



L. J. 

S mgm. 

0 

226 

3.8 

7.4 

1.6 


Bx 

1 

142 

9.0 

14.4 

1.6 



3 

113 

41.0 

3.9 

6.1 



24 

320 

20.0 

8.0 

13.0 


5 mgm. 

0 

371 

20 

7 

14 


6AP 

1 

253 

104 

35 

1 



3 

201 

79 

17.4 

2.6 



24 

94 

143 

10.2 

8.0 

A. M. 

S mgm. 

0 

246 

10 

11.9 

1.0 


Bj 

1 

157 

12.9 

9.9 

0.9 



3 

222 

4.4 

3.3 

7.4 



24 

285 

21.4 

11.8 

2.1 

J. w. 

5 mgm. 

0 

493 

10 

40 

1.0 


Bi 

1 

353 

9.4 

18 

5.0 



3 

423 

11.5 

18 

4.0 



24 

462 

61 

11 

20.0 


5 mgm. 

0 

569 

31 

20.4 

21.6 


6AP 

1 

600 

65.4 

18 

22 



3 

369 

84.0 

18 

19 



24 

634 

11.0 

6 

34 


In the other 2 of the 6 patients, the administration 
of thiamin was followed by a rise in the white cell 
content of PAYF of from 4 to 41 micrograms per 
cent (L. W.) and from 10 to 60 micrograms per 
cent (J. W.). 

Although the administration of 5 mgm.® of 2- 
methyl-5-methoxyethyl-6-amino-pyrimidine to 5 
normal individuals was followed in every instance 
by a rise in the white cell content of PAYF, it was 
not followed by any rise in the white cell thiamin 
in 3 of the 5 individuals. In the white cells of 5 
leukemic patients to whom 5 mgm. of 2-methyl-5- 
methoxyethyl-6-amino-pyrimidine were adminis- 
tered intravenously, the content of PAYF rose in 
all by from 100 per cent to 420 per cent. The 
average rise was 249 per cent. It is interesting 
to note, however, that the injection was followed 
consistently within the first 3 hours by a fall in 
white cell thiamin. This fall ranged from 6.5 per 
cent to 82.0 per cent. 

Thus it seems that some deviation from the nor- 
mal handling of administered thiamin exists in the 
leukemic leukocytes and platelets. The evidence 
which indicates such an aberration is as follows: 
{!) Under fasting conditions PAYF, a probable 
normal metabolite of thiamin, formed an abnor- 
mally small percentage of the total thiamin con- 
tent. (2) The intravenous administration of the 
thiamin to leukemic patients was always followed 
by a fall, and not a rise, in the white cell concen- 
tration of thiamin. (J) The administration of the 
thiamin was followed by a fall, and not a rise, in 
the PAYF content in the white cells of 4 of 6 
of the patients. In the leukemic, as in the normal, 
white blood cells there is no reason to believe that 
thiamin is formed from administered pyrimidine. 

Similar measurements were made in the eryth- 
rocytes of the patients with leukemia who had re- 
ceived thiamin and 2-methyI-5-methoxyethyl-6- 
amino-pyrimidine. As in the previous study of 
normal individuals, no consistent results were ob- 
tained. Only the results of the administration of 
the test substances to the leukemic patients are 
shown in Table IX and Figure 3 and no attempt 
has been made to draw any conclusions from them. 

The existence of an abnormal metabolism of 
thiamin in the patient with leukemia is supported 
to some degree by the results of experiments m 

3 Equivalent to 10.7 mgm. of thiamin in yeast-stimulat- 
ing activity. 
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which measurements of the urinarj' concentrations- 
of thiamin and pyrimidine were made after the 
injection of those substances. These experiments, 
too, were perfonned exactly as described in the 
prerious communication (1). 

In the 8 normal individuals used for the pre- 
vious study, it was demonstrated that the intra- 
venous administration of 5 mgm. of thiamin in 
ever)' instance was followed during the next 24 
hours by a significant increase in the urinary ex- 
cretion of both thiamin (from 121 to 835 per cent 
of the average control level) and PAYF (from 
89 to 428 per cent of the average control level). 
On the other hand, no significantly increased ex- 
cretion of thiamin occurred during the administra- 
tion of either 2-methyl-S-methoxyethyl-6-amino- 
pyrimidine or the pyrimidine formed by the alka- 
line cleavage of the ritamin itself. These obser\'a- 
tions thus lent further support to the hypothesis 
that in normal individuals thiamin is converted to 
the pyrimidine compound. 

TABLE .X 

Micrograms of thiamin excreted per day in the urine of 
patients with leukemia before and after the 
intravenous injection of thiamin 


Patient 

Num* 

of 

days 

Control period 

After injection 

Urinary 
thiamin 
range 
X)er day 

Aver- 

age 

per 

day 

High- 

est 

per 

cent 

daily 

varia- 

tion 

24- 

hour 

out- 

put 

Per cent 

1 increase over 

Pre- 

vious 

day 

Aver- 

age 

con- 

trol 

day 

J.K. 

5 

238-403 

327 

69 

1263 

430 

278 

M. K. 

2 

70- 83 

76 

9 

722 

720 

850 

L. J. 

4 

44- 90 

78 

no 

1146 

3200 

950 

J.W. 

3 

65-215 

165 

230 

326 

310 

98 


In sharp contrast to these findings are the results 
of a similar study of leukemic individuals. Five 
mgm. of thiamin were administered to each of 4 
patients with chronic leukemia — 2 females and 2 
males, 3 with myeloid and 1 with lymphoid disease. 
In all 4, the administration of the thiamin in- 
creased the urinary excretion of the vitamin during 
the next 24-hour period by from 30 per cent to 
3200 per cent (Table X), These increases are 
significantly higher than those which the injection 
of the same amount of thiamin affected in the 
normal controls (121 to 835 per cent). 


The leukemic patients excreted only a little less 
pyrimidine after the injection of thiamin than did 
the normals. In all 8 normals the injection of 5 
mgm. of the vitamin had resulted in increased uri- 
nary' output of PAYF which ranged from 89 per 

TABLE XI 

Micrograms of PAYF* excreted per day in the urine Oj 
patients with leukemia before and after the 
intravenous injection of thiamin 


Patient 

1 Num- 
i her 

1 of 

1 days 

1 Control period j 

j After injection 

Urinary 
PAVF 
range 
per day 

Aver- 

age 

per 

day 

High- 

est 

per 

cent 

daHy 

varia- 

tion 

24- 

hour 

out- 

put 

Per cent 
increase over 

Pre- 

vious 

day 

Aver- 

age 

con- 

trol 

day 

J. K. 

5 

272-419 

360 

54 

448 

70 

24.5 

M. K. 

2 

40- 46 

43 

8 

214 

366 

394 

L.J. 

4 

55-135 

115 

145 

199 

261 

73 

J.W. 

3 

245-301 

256 

231 

519 

71.5 

104 


* Expressed in thiamin equivalents. 


cent to 428 per cent, and averaged 189 per cent 
above their average output. In the 4 leukemic pa- 
tients, the changes in the urinary excretion of that 
substance during the succeeding day ranged from 
24 to 394 per cent above the average output, and 
averaged 143 per cent (Table XI). 

The 4 patients also received intravenously 5 
mgm.'* of 2-methyl-5-methoxyethyl-6-amino-pyri- 
midine. The results of this experiment were, in 
general, the same as those in which the compound 
was administered to normal individuals. The 
injection produced during the next 24 hours an 
increased output of thiamin (128 per cent) in 
only 1 patient, and an increased output of PAYF 
(by from 102 to 1105 per cent) in all (Tables 
XII and XIII). 

From these measurements of urinary thiamin 
and PAYF it would appear that the leukemic pa- 
tient utilized less of the administered vitamin 
than did the normal individual. 

4. Were the high blood cell thiamin levels due 
to faulty excretion of the vitaniinf It is obvious 
that should any interference in the excretion of 
thiamin emst in patients with leukemia, a cause 
for the h igh levels of the vitamin in the blood 

_ -* Eqmvalent to 10.7 rngm. of thiamin in yeast-stimulat- 
mg activity. 
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TABLE XII 


Micrograms of FA YF * excreted per day in the urine of 
patients with leukeinia before and after the intravenous 
injection of 2-methyl-5-methoxyethyl-6-amino-pyrimidine 


Patient 

Num- 

ber 

of 

days 

Control period 

After injection 

Urinary 
PAYF 
range 
per day 

Aver- 

age 

per 

day 

High- 

est 

per 

cent 

daily 

varia- 

tion 

24- 

hour 

out- 

put 

Per cent 
increase over 

Pre- 

vious 

day 

Aver- 

age 

con- 

trol 

day 

J.K. 

5 

272-419 

360 

54 

730 

154 

102 

M. K. 

2 

40- 46 

43 

8 

536 

1006 

1105 

L. J. 

4 

55-135 

115 

145 

327 

23 

185 

J. W. 

3 

245-301 

256 

231 

1152 

368 

350 


* Expressed in thiamin equivalents. 


TABLE XIII 


Micrograms of thiamin excreted per day in the urine of 
patients with leukemia before and after the intravenous 
injection of Z-melhyl-5-meihoxyelhyl-6-amino-pyrimidine 


Patient 

Num- 

ber 

of 

days 

Control period 

After injection 

Urinary 
thiamin 
range 
per day 

Aver- 

age 

per 

day 

High- 

est 

per 

cent 

daiiy 

varia- 

tion 

24- 

hour 

out- 

put 

Per cent 
increase over 

Pre- 

vious 

day 

Aver- 

age 

con- 

trol 

day 

J. K. 

5 

238-403 

327 

69 

164 

59 

-100 

M. K. 

2 

70- 83 

76 

9 

74 

12 

3 

L. J. 

4 

44- 90 

78 

no 

178 

96 

128 

J. w. 

3 

65-215 

165 

230 

170 

26 

3 


cells would be at hand. From the results obtained 
in the previous section {B. 2.) of this communica- 
tion, -however, it is apparent that no retention of 
the vitamin exists. The leukemic patients ex- 
creted under normal conditions as much thiamin 
and PAYF as did the normal individuals. 

DISCUSSION 

It has been demonstrated in this investigation 
that leukemic blood cells are physiologically ab- 
normal in their content and utilization of thiamin. 
This abnormality of leukemic cells is not the first 
which has been noted. Victor and Wintersteiner 
(7) found that both the aerobic and anaerobic 
glycolysis of leukemic leukocytes of mice were 
considerably higher than those of normal mice, 
but that no significant' difference existed in the 
total respiratoo' activities (Qoj) of those cells. 


• Furthermore, when leukemic leukocytes are in- 
jected into normal mice, the leukocytes of the 
host also develop abnormal rates of carbohydrate 
metabolism before any morphological changes are 
recognizable (8). It also has been found that the 
blood of patients with leukemia has abnormal 
concentrations of substances concerned with en- 
,zyme systems, namely: choline esterase (9) and 
Coenzymes I and II (10). More recently, Butler 
and Cushman (4) have shown that the concen- 
tration of vitamin C in leukemic leukocytes and 
platelets was 10 times that of normal leukocytes 
and platelets. 

From the results of the experiments presented, 
it appears that leukemic white cells no longer 
metabolize thiamin in the normal manner. This 
abnormality is a limitation in the conversion of 
the vitamin to the PAYF compound. The evi- 
dence for such a conclusion is {!) the PAYF of 
leukemic leukocytes and platelets forms an ab- 
normally small percentage of the total thiamin 
present and (2) the administration of thiamin 
intravenously to 6 patients with the disorder always 
was followed by a decrease in the concentration 
of white cell thiamin; in 4 of 6 instances it was 
followed by a decreased concentration of PAYF 
and by urinary excretions of the vitamin signifi- 
cantly higher than those which followed the ad- 
ministration of an equal quantity of thiamin to 
normal individuals. 

At present there is no apparent explanation for 
the limitation of thiamin conversion to PAYF and 
of the consequent accumulation of the intracellular 
vitamin. It has been accepted that the vitamin, 
in the form of a pyrophosphate, functions in a 
carboxylase enzyme system as a coenzyrne (co- 
carboxylase). Thus a reasonable suggestion for 
its non-utilization by leukemic cells would be that 
in these cells {1) thiamin did not form the pyro- 
phosphate ester or (2) the pyrophosphate was 
formed but was not used because of some inacti- 
vation of the enzyme itself. 

Measurements of cocarboxylase in the whole 
blood of patients with leukemia have been made 
by Goodhart and Sinclair (3). Despite the fact 
that the patients studied were anemic, the concen- 
tration of cocarboxylase in their blood was found 
to be either within normal limits or elevated. 
Thus it would appear that there was no defect m 
the formation of cocarboxylase. 
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If it could be demonstrated that leukemic leuko- 
cjdes were deficient in a carboxjdasc, or that the 
form in which that enzyme was present was al- 
tered, an explanation for the accumulation of 
thiamin or its pyrophosphate, cocarbox 3 ’lasc, would 
be at hand. To ascertain the facts concerning 
this question, it is necessar}' to devise methods 
for the quantitative estimation of a carboxylase in 
the white cells, and an attempt to do so is now 
under way in this laboratorj'. 

Since the patient with leukemia does excrete 
normal amounts of PAYF in his urine, and in 
the same ratio to free thiamin as does the normal 
indiiddual, it would appear that thiamin probably 
does undergo normal metabolic degradation else- 
where than in the blood cells. Furthermore, the 
metabolism of the vitamin in the leukocytes and 
platelets probably contributes but little to the 
total formation and urinary excretion of its 
breakdown product. The abnormal thiamin me- 
tabolism found in leukemic white cells probably 
does not exist to the same extent, or at all, in 
the other tissues of the patient. 

CONCLUSIONS 

1. The total thiamin levels in the leukocytes and 
platelets of patients with leukemia are about 3 
times the normal average value, and in 82 per 
cent of the patients they are above the highest 
normal. The concentration of PAYF in the 
leukemic leukocytes and platelets forms an ab- 
normally small percentage of the total thiamin 
content. 

2. The total thiamin levels in the erythrocytes 
of leukemic patients are about twice the normal 
average level, and are above the highest normal 
range in 35 per cent of the patients examined. 
In the erythrocytes, however, the concentrations 
of PAYF formed a normal percentage of the 
total thiamin. 

3. No obvious correlation was found to exist 
between the concentration of blood cell total thia- 
min and the form, severity or degree of associated 
leukocytosis of the leukemia, nor between the 
concentration and the sex or age of the patient. 


4. No obvious relationship was found to exist 
between the white cell concentration of thiamin 
and the apparent youth of the cells. 

5. Patients ivith leukemia excrete normal 
amounts of both thiamin and PAYF in the urine. 

6. The probable explanation for the high con- 
centration of white cell total thiamin is thought 
to be an impaired utilization of the thiamin, and 
not an increased ingestion or faulty excretion of 
the vitamin, nor the apparent youth of the cells 
involved. 

7. Elevated blood cell concentrations of total 
thiamin have been found in patients with dis- 
eases other than leukemia; namely, with Hodg- 
kin’s disease and cancer of the gastro-intestinal 
tract, but not in patients with portal hepatic 
cirrhosis. 
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In a preUous article (1) evidence was pre- 
sented of increased svisceptibility to chloroform 
poisoning produced in the albino rat by injection 
of ciy'stalline thyroxin. The present study was 
undertaken to obtain data that might throw light 
on the mechanism of this phenomenon, and was 
centered on two points. First: Is the increased 
susceptibility to chloroform poisoning in the hyper- 
thyroid rat due to the fact that the glycogen con- 
tent of the liver is diminished in the presence of 
h}’perthyroidism ? Second: Does a high protein 
diet afford the same protection against chloroform 
poisoning to the liver of a hyperthyroid rat that it 
does to the normal liver? 

To test the hypothesis that a low glycogen con- 
tent of the liver is responsible for the increased 
susceptibility to chloroform poisoning in rats fol- 
loTOng the administration of thyroxin, the problem 
was approached in two ways. In one set of ex- 
periments an attempt was made to maintain a nor- 
mal glycogen content of the liver in animals re- 
ceiving thyroxin, and their susceptibility to chloro- 
form poisoning was then tested. In another series 
the liver glycogen was reduced by means other 
than administration of thyroxin, and the suscepti- 
bility to chloroform poisoning of this group was 
contrasted with that of animals whose liver gly- 
cogen had been reduced by administration of 
thyroxin. 

METHOD AND MATERIALS 

The experiments were carried out on male albino rats 
having an initial weight of between 150 grams and 175 
grams. 

The standard diet consisted of Purina Dog Chow 
(Ralston Purina Company). This was modified in some 
of the experiments by the addition of carbohydrate in the 
form of 6 grams of sucrose daily; and in others by the 
addition of 0.4 gram of Squibb’s yeast or 3.0 grams of 
Fleischmann’s dried irradiated yeast, number IF-39, daily 
(presented by the Fleischmann Laboratories). Each 
gram of Squibb’s yeast contained SO International units 


B,, IS Sherman-Bourquin units B-, 90 gamma Be, 35 
Jukes-Lepkovsky units Filtrate Factor, nicotinic acid. 
Each gram of Fleischmann's yeast contained 18 Inter- 
national units B„ 20 Sherman-Bourquin units B.. 

In certain experiments a high protein diet was given, 
made up of Casein number 453 (Casein Company of 
America) 81.2 per cent, Crisco 7.2 per cent, McCollum 
salt mixture number 185 (2) 4.0 per cent, Vegex (Vita- 
min Food Company) 7.4 per cent, Squibb Navitol 0.3 per 
cent. (This is the high protein diet used by Goldschmidt 
et at. (3) and somewhat similar to that used by Moise and 
Smith (4).) 

The thyroid hormone was given in the form of Squibb’s 
crystalline thyroxin,^ administered daily by subcutaneous 
injection over a period of approximately 2 weeks in doses 
of 0.1 mgm.2 

The chloroform was injected subcutaneously in doses 
of 0.8 cc. per kgm. of rat, and was diluted with sterile 
mineral oil so that the total volume per dose was 0.5 cc. 

Since we were interested only in the acute effect of 
chloroform poisoning, animals that survived were usually 
sacrificed at the end of 48 hours. 

Animals that died were autopsied as soon as possible 
and blocks of tissue from their livers and other organs 
were fixed in Zenker’s solution and in 4 per cent formalin. 
Animals that were sacrificed were killed by a sharp blow 
at the base of the skull and were autopsied in the same 
manner. Where glycogen determinations were to be car- 
ried out, the liver was removed at once— within 30 sec- 
onds. A portion of the liver was immediately fixed in 
absolute alcohol for later staining with Best's carmine. 
At the same time, duplicate portions of the liver weighing 
about 1 gram each were placed (for chemical determina- 
tions of the glycogen) in weighed tubes containing 30 
per cent potassium hydroxide. The tubes were quickly 
heated^ in a water bath to initiate decomposition of the 
liver tissue, then removed for re-weighing, again returned 
to the water bath, and heated until the tissue had been 
completely dissolved. This process was followed by pre- 

thyroxin used in these experiments was 
kindly contributed by E. R. Squibb and Sons. 

ixr-? preliminary experiments 0.2 mgm. was given. 

1 t IS dose a number of rats died ; but since there was 
some respiratory infection among these rats, it was diffi- 
cu t to evaluate the relative importance of the infection 
an t e larger dose of thyroxin. In later experiments, 
using tte 0.1 mgm. dose, the animals in general remained 
in good condition. 
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cipitation of the glycogen with 95 per cent alcohol, ac- 
cording to the method of Good, Kramer and Somogyi (5). 
After hydrolysis, the glycogen was determined as glucose 
by a modification of the Hagedorn-Jensen technique (6). 


EXPERIMENTAL 

The animals were kept for a period of at least 
one week before experiments were begun in order 
to make sure they were all in healthy condition 
and to allow them to become adjusted to the labo- 
ratory environment. They were weighed every 
second day. In general their nutrition was well 
maintained. The control animals on standard diet 
uniformly gained in weight — usually 30 to 35 
grams over the 2-week period. The animals re- 
ceiving thyroxin usually suffered a loss of weight, 
although in many instances they maintained their 
weight or even made some gain. The rats often 
had a slight diarrhoea after the first thyroxin in- 
jections but generally remained in good condition. 

Prelimina7'y experiments. That the administra- 
tion of the thyroid hormone results in a low level 
of glycogen in the liver was clearly demonstrated 
by the experiments of Cramer and Krause (7) in 


TABLE I 

* 

The effect of the administration of crystalline thyroxin on 
the level of liver glycogen 

It will be noted that the liver glycogen of animals 
receiving crystalline thyroxin over a period of from 11 to 
17 days varied from 1.5 to 0.18 gram per cent, while in 
the control animals the level was from 5.0 to 7.1 grams 
per cent. 


Rat 

num- 

ber 

Initial 

weight 

Administration 
of crystalline 
thyroxin 

Average 

daily 

food 

intake. 

Standard 

diet 

Maxi- 

mum 

weight 

Final 

weight 

Liver 

gly- 

cogen 

Total 

amount 

Dura- 

tion 

148 

153 

154 
157 
159 
167 
173 
185 
192 
201 
203 

grams 

203 

203 

207 

191 

181 

183 
131 

184 
191 
172 
191 

mgm. 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.1 

1.7 

1.7 

1.7 

1.7 

days 

11 

11 

11 

15 

15 

15 

11 

17 

17 

17 

P 

grams 

15 

15 

19 

14 

15 

11 

18 

13 

18 

16 

19 

grams 

243 

234 

242 

191 

183 

183 

173 

187 

191 

183 

191 

grams 

232 

233 
225 
175 
165 
151 
134 
177 
177 
183 
165 

grams 
per cent 

0.31 

0.48 

0.75 

1.3 

0.45 

0.40 

0.76 

0.57 

0.70 

1.5 

0.18 

144 

193 

Control\ 

17 

219 

219 

6.9 

145 

207 

Control! 

20 

245 

245 

6.4 

149 

218 

Control ' 

18 

243 

243 

7.1 

152 

192 

Control ; 

15 

230 

230 

5.0 


1913, and confirmed by Kuriyama (8, 9) in 1917. 
More recently, Coggeshall and Greene (10) have 
shown that a hyperthyroid animal has difficulty in 
storing glycogen in the liver. 

The present experiments (Table I) show that 
a level of glycogen from 7.1 to 5.0 grams per cent 
was maintained in the group of control animals 
on the standard diet ; whereas the level in animals 
receiving injections of crystalline thyroxin was 
from 1.5 to 0.18 gram per cent. 

Attempts to mamtain a nonnal level of liver 
glycogen in a^iimals receiving injections of crystal- 
line thyroxin. Kuriyama (9) found that if he 
gave a sufficiently high caloric diet to his thyroid- 
fed rats the liver glycogen was in some cases 
maintained to a limited extent. More recently, 
Drill (11) reported that rats receiving injections 
of crystalline thyroxin and large doses of yeast 
maintained a normal level of liver glycogen. Our 
own efforts along these lines were only partially 
successful. As shown in Table II, the addition 
to the diet of sucrose, either alone or combined 
with relatively small doses of yeast, did not appre- 
ciably alter the level of liver glycogen. When, 
however, large doses of yeast were added to the 
diet of rats Numbers 253, 255, 256, 258, 261, and 
263 (Table II), the level of liver glycogen in 4 
out of 6 instances was appreciably higher than 


1 the rats not receiving this treatment. 

Ad 7 nmistratio 7 i of chloroform to a g^oiip of 
mmols that had received large doses of yeast in 
idition to their regidar diet. A group of animals 
Table III) treated by the same methods as rats 
lumbers 25.3, 255, 256, 258, 261, and 263, de- 
:ribed above, were injected at the end of 14 
lys with 0.8 cc. of chloroform per kgm. of rnt.^* 
resumably, on the basis of the data given above, 
le majority of these animals had a liver glycogen 
vel of about 2.5 grams per cent. It will be 
3 ted that only 2 of these rats survived. Three 
Iditional rats (Table III) that had previously 
;en on a normal diet were given intraperitoneal 
jections of 5 per cent glucose at the time of 
,e chloroform injections in an effort to increase 


It had been found in earlier studies (D that animals 
iving this and somewhat larger doses of chloroform 
'ived for more than 48 hours if they had not received 
iminary thyroxin injections. 
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TABLE II 

The (feet on liver {Jycogen of additions of sucrose and varying amounts of yeast to the standard diet of hyperthyroid rats 

It will be noted that the liver glycogen in rats that reccived sucrose, alone or combined with a small amount of yeast, 
was low; whereas the liver glycogen in 4 out of 6 rats that received a large amount of yeast was found to be at an appre- 
ciably higher level. 


Rat number 

Initial 

Administration of 
WstalUnc thyroxin 

AvcraKc daily food intake 

Maximum 

Final 

Liver 

weicht 

Total 

amount 

Duration 

Standard 

diet 

Added sucrose or yeast 

weight 

weight 

slycosen 

198 

199 

200 

202 

rratns 

173 

160 

203 

185 

m^m. 

1.6 

1.6 

1.6 

1.6 

II 

grcrrtx 

19 

15 

16 

16 

- 

6 grams sucrose 

6 grams sucrose 

6 grams sucrose 

6 grams sucrose 

grams 

173 

173 

203 

187 

grams 

167 

173 

189 

183 

grams 
ter cent 
0.10 

0.11 

0.17 

0.11 

183 

187 

1.6 

16 

15 

6 grams sucrose and 
0.4 grams yeast 

193 

193 

0.16 

193 

176 

1.6 

16 

9 

6 grams sucrose and 
0.4 grams yeast 

181 

179 

0.42 

196 

197 

1.6 

16 

12 

6 grams sucrose and 
0.4 grams yeast 

197 

187 

0.11 

197 

157 

1.6 

16 

9 

6 grams sucrose and 
0.4 grams yeast 

173 

168 

0.12 

163 

192 

1.2 



0.4 grams yeast 

192 

183 


175 

178 

1.2 



0.4 grams yeast 

178 

169 

0.83 

182 

179 

1.7 



0.4 grams yeast 

179 

173 


186 

162 

1.7 



0.4 grams yeast 

174 

171 

1.1 

189 

189 

1.7 



0.4 grams yeast 

197 

187 

0.43 

190 

195 

1.7 



0.4 grams yeast 

197 

194 

0.49 

253 

179 

1.2 

12 

13 

3 grams yeast 

180 

160 

2.6 

255 

196 

1.2 

12 

16 

3 grams yeast 

196 

185 

0.83 

256 

182 

1.2 

12 

14 

3 grams yeast 

199 

199 

2.9 

258 

199 

1.2 

12 

15 

3 grams yeast 

199 

181 

2.6 

261 

173 

1.2 

12 

14 

3 grams yeast 

178 

159 

0.43 

263 

214 

1.2 

12 

14 

3 grams yeast 

214 

189 

1.7 


the amount of glycogen in the liver; none of 
these rats survived,^ 

Comment. Since we were not able, by any of 
the methods tried, to obtain a completely normal 
level of liver glycogen, the evidence cannot be 
taken as conclusive that the increased suscepti- 
bility to chloroform poisoning shown by hyper- 
thyroid rats is not connected with the low glyco- 
gen content of the liver fotmd in these animals. 
The problem was therefore approached from 
another point of view. It was reasoned that, if 
the depletion of the liver glycogen were wholly or 
largely responsible for the increased susceptibility 
to chloroform poisoning in hyperthyroid animals, 
the same dose of chloroform would be equally 

* It is interesting that Davis and Whipple (13) found 
that glucose given intravenously during chloroform anes- 
thesia was of little benefit in protecting the liver against 
chloroform poisoning and may even have had a deleterious 
effect. 


fatal to animals depleted of liver glycogen by 
other means. Experiments to test this hypothesis 
were undertaken. 

Effects of chloroform infections on rats de- 
pleted of liver glycogen by fasting. It has been 
shown by Cori and Cori (12), Coggeshall and 
Greene (10), and Goldschmidt et al. (3) that 
withholding food for 24 to 48 hours will reduce 
the liver glycogen to a low level. The present 
experiments confirmed this finding, showing that 
the liver glycogen is reduced to a comparable, or 
in certain instances even a lower level, by this 
period of fasting than by the administration of 
thyroxin (c/. Tables IV and I), 

To test the effects of chloroform injections on 
fasting rats as contrasted with hyperthyroid rats, 
2 groups of animals were studied (Table V). 
One group, on fte standard diet, received injec- 
tions of crystalline thyroxin over a period of 12 
to 16 days. The second group, also placed on the 































194 


MONROE A. MCIVER AND ELEANOR A. WINTER 


TABLE III 


The effect of the administration of chloroform to 2 groups of rats treated with crystalline thyroxin 

_ pne group received 3.0 grams of yeast daily, in addition to the standard diet; the other group received intraperitoneal 
injections of glucose solution. It will be noted that in spite of these attempts to prevent depletion of the liver glycogen, 
only i ol the 9 animals survived the chloroform injection. & / & * 


Rat 

Initial 

Administration of 
crystalline thyroxin 

Average daily 
food intake 

Dose of 
chloroform 
per kilo 
of body 
weight 

Maximum 



number 

weight 

Total 

amount 

Duration 

Standard 

diet 

Yeast 

daily 

weight 

weight 

Results 

252 

grams 

181 

mgm. 

1.3 


grams 

14 

grams 

3 

CC, 

0.8 

grams 

181 

grams 

160 

Dead in 24 hours 

257 

193 

1.3 

■H 

13 

3 

0.8 

193 

181 

Dead in 24 hours 

259 

164 

1.3 

13 

13 

3 

0.8 

184 

160 

Dead in 24 hours 

260 

185 

1.3 

13 

14 

3 

0.8 

185 

171 

Dead in 28 hours 

254 

189 

1.3 

13 

15 

3 

0.8 

190 

177 

Survived 

262 

209 

1.3 

13 

16 

3 

0.8 

209 

200 

Survived 

1 

28 

201 

3.4 

21 

1 

Not 

BS 

1.5 

233 

233 

Dead in 35 hours 

41 

189 

4.3 

15 

weighed 

BH 

0.8 

199 

195 

Dead in 45 hours 

51 

175 

4.3 

15 

mm 

0.4 

175 

166 

Dead in 20 hours 


* One injection the day preceding administration of chloroform, 1 at the time of chloroform injection, and 1 the suc- 
ceeding day. 

t One injection the day preceding chloroform administration, 1 at the time of chloroform administration, 
t One injection at the time of chloroform administration. 


standard diet at the same time, received no food 
during the last 24 to 55 hours (water was freely 
available) . At the end of the period, the animals 
of both groups were injected with 0.8 cc. of 
chloroform per kgm. of body weight. Among 
the 6 animals that had received preliminary treat- 
ment with thyroxin, there were 4 deaths ; whereas 
among the 8 animals that had been deprived of 
food, there was only 1 death. 

Comment. The question as to whether a high 
level of liver glycogen affords protection, either 
directly or indirectly, to the normal liver against 
chloroform poisoning, is still a moot point (3, 15). 


The present experiments, however, show that de- 
pletion of liver glycogen by the administration 
of thyroxin is not the major factor in the in- 
creased susceptibility to chloroform poisoning 
shown by hyperthyroid rats. 

Influence of a high protein diet. It has been 
reported by numerous investigators (3, 4, 13, 14) 
that a diet high in protein affords considerable 
protection to the normal liver from the injurious 
effects of chloroform. To ascertain whether or 
not this holds true in the presence of hyper- 
thyroidism, a group of rats were placed on a diet 
containing approximately 81 per cent o protein 


TABLE IV 

The effect on liver glycogen of fastmg for 24 to 48 hours 

Contrast with Controls numbers 144, 145, 149 and 152, Table 1; also with the group of animals receiving crysta me 
thyroxin, same Table. 


Rat number 


Initial 

weight 



grams 

135 

175 

146 

199 

151 

196 

147 

207 

155 

190 


Experimental treatment 


Food withheld 24 hours; water given freely 
Food withheld 24 hours; water given freely 
Food withheld 24 hours; water given freely 
Food withheld 48 hours; water given freely 
Food withheld 48 hours; water given freely 


I I — — 

We have no explanation to offer for the normal reading in Animal number 151. 


Weight at 
beginning 
of fast 

Final 

weight 

grams 

grams 

219 


232 

207 

225 

205 

242 

199 

199 

188 


Liver 

glycogen 


grams 
per cent 

0.57 

0.24 

5.2* 

0.23 

0.26 
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TABLE V 

The effect of the injection of chloroform on animals that had received crystalline thyroxin in contrast with the effect on animals 

that had been deprived of food for Z4 to 55 hours 

It will be noted that 4 out of 6 of the thyroxin-injected animals died within 20 hours, while all but I of the animals 
from which food had been withheld survived. 



Initbl 

Adm!nf*tralion of 
CT>'stanir.c thyroxin 

1 Averace 

1 daily food 
! intake. 

1 Standard . 

Dose of 
chloroform 
per kilo 
of body ' 

Maximum 

Final 

Results 


vixtght 

Total 

amount 

1 

weight 1 

weight 



Duration 

diet 

1 

weight 





tramx 

mmm 

days 

1 p’ams 

cc. \ 

Srams 



139 

177 


13 

10 

0.8 

177 


Dead in 18 hours 

140 

164 


14 

10 

0.8 1 

179 


Survived 

158 

183 

1.6 

16 

13 

I 0.8 

187 

187 

Dead in 15 hours 

168 

185 

1.6 

16 

16 1 

0.8 

185 

156 

Dead in IS hours 

172 

175 

1.5 

16 

14 

0.8 

179 

165 

Dead in 20 hours 

161 

186 

1.6 

16 

! 

0.8 

186 

163 

Survived 

1 




1 


Weight at 

■■■■■■ 




Food withheld 



beginning 
of fast 





hours 



I grams 



136 

161 

24 

10 

0.8 

\ 181 


Survived 

137 

152 

24 

11 

0.8 

1 189 


Survived 

142 

153 

24 

12 

0.8 

1 181 


Survived 

143 

150 

48 

11 

0.8 

191 


Survived 

156 

170 

48 

12 

0.8 

181 

145 

Dead in 17 hours* 

164 

164 

55 

11 

0.8 

170 

125 

Survived 

166 

163 

55 

13 i 

0.8 

214 

180 

Survived 

169 

165 

55 i 

1 

12 1 

1 

0.8 

209 

172 

Survived 


* Had not eaten well for several days preceding fast. 


for a period of 2 weeks, during which time they 
received daily injections of crystalline thyroxin. 
A control group of 6 rats received the same diet 
but no thyroxin.^ At the end of 15 days both 


groups received an injection of 0.8 cc. of chloro- 
form per kgm. of rat. The results are shown in 
Table VI, It will be noted that all the animals 
that had received thyroxin plus a high protein 


TABLE VI 


It will 
thyroxin. 


The effect of chloroform injections on 2 groups of animals fed on a high protein diet 
be noted that this diet did not afford protection against chloroform poisoning to animals receiving crj'stalline 


Rat number 

Initial 

Administration of 
crystalline thyroxin 

Average 
daily food 
intake. 
Casein 
diet 

Dose of 
chloroform 
per kilo 
of body 
weight 

Maximum 



weight 

Total 

amount 

Duration 

weight 

weight 

Results 

240 

241 

242 

243 

244 

245 

grams 

215 

199 

190 

209 

209 

199 

■ 

H 

grams 

14 

10 

11 

11 

16 

11 

cc. 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 





Dead in 18 hours* 
Dead in 42 hours* 
Dead in 24 hours* 
Dead in 21 hours* 
Dead in 21 hours* 
Dead in 20 hours* 

230 

231 

232 

236 

238 

250 

226 

259 

276 

259 

221 

226 

Control 

Control 

Control 

Control 

Control 

Control 

12 

19 

12 

8 

12 

IS 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

226 

259 

278 

259 

221 

226 

224 

235 

278 

236 

217 

201 

Survived 48 hours 
(Survived 48 hours 
/Survived 48 hours 
/ Survived 48 hours 
Survived 48 hours 
' Survived 48 hoursf 


t Moribund at 48 hours. 
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diet died within 42 hours, all but 1 dying within 
24 hours ; = whereas the animals that did not re- 
ceive thyroxin all survived 48 hours, at which 
time they were sacrificed. 

Comment. The exact mechanism by which a 
high protein diet affords protection to the normal 
liver against chloroform poisoning is still a matter 
of some conjecture. Whatever the correct inter- 
pretation, it is of some interest that this protec- 
tion is not afforded in the presence of hyper- 
thyroidism. 

Histological studies. The changes found at 
autopsy in the liver and other organs of the 
animals that had received thyroxin followed by 
chloroform injections have been described in a 
previous report (1). In the present studies, 
similar changes were found in animals that were 
autopsied, the liver lesions consisting in vaiyung 
degrees of central necrosis, often extreme. In 
considering the effects of chloroform, it should be 
borne in mind that Goodpasture (16) found, in 
experiments on rabbits which had been receiving 
thyroid hormone, that when small doses of chloro- 
form were given by inhalation, the principal 
pathological changes occurred in the myocardium ; 
whereas when the chloroform was injected sub- 
cutaneously, the greatest effect was upon the liver. 

CONCLUSIONS 

1. Our data do not furnish support of the view 
that the increased susceptibility to chloroform 
poisoning in the hyperthyroid rat is due chiefly to 
the low level of liver glycogen found in these 
animals. 

2. A high protein diet does not afford protection 
against chloroform poisoning to the liver of ani- 
mals receiving thyroid hormone. 
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Much consideration has been given to the 
changes which result in man and in experimental 
animals from administering by vein various quan- 
tities of fluids of different composition (1, 2, 3). 
Thus, the dislocation of body fluid and the urinary 
changes which follow rapid infusion of massive 
quantities of fluid in animals have been described 
(4, 5, 6). Shifts of water and salts between 
muscle and blood after infusion of isotonic fluids 
of var^dng pH have been studied in dogs by 
means of muscle biopsy and analysis (7). The 
circulatory effects of administering fluid by vein 
in various clinical conditions have been investi- 
gated, having in mind the primary importance of 
circulatory dynamics in determining response to 
intravenous fluid therapy (1, 8). Such studies 
have served to emphasize the fundamental con- 
clusions of Gamble (9, 10, 11), Peters (12, 13), 
and others. 

In the work on which the present report is 
based it seemed desirable to determine the results 
of large amounts of isotonic glucose and NaCl 
solutions administered by constant intravenous 
drip over a period of several days. The physio- 
logical responses to sustained submaximal infu- 
sions were under inquiry rather than the reaction 
to a large or small intravenous injection of brief 
duration, for it seemed possible that compensatory 
mechanisms of a different nature might be brought 
into play as the infusions were continued. 

MATERIAL AND METHODS 

Patients undergoing mild or moderately severe opera- 
tions under ether anesthesia were studied just before 
operation, just after operation, at the end of the infusion 
period, and several days afterwards when the effects of 
the infusion had subsided. Determinations were made 
on a fasting basis, and the patients took water as de- 
sired during the infusion period but were allowed only 
small amounts of fruit juices in addition. The patients 

I Aided by grants from the William F. kfilton Fund, 

arvard University, and the Josiah Macy, Jr. Foundation. 


were well-nourished women without cardiovascular or 
renal disease. During the study they were under con- 
stant observation by trained attendants and, if a patient 
objected, the infusion was discontinued. Urine was col- 
lected quantitatively by an indwelling catheter. Arm or 
leg veins were used for the infusion, the extremity being 
splinted, and except for slight redness about the needle 
in two or three instances no local reaction was noted. 
The patients were entirely afebrile, or nearly so, during 
the study. Intake of fluid by oral and intravenous routes 
and output of urine were totaled at 12-hour intervals. 
Four patients received 5 per cent glucose solution and 
six 0,9 per cent NaCl solution. 

ANALYTICAL METHODS 

Blood loss at operation was determined by the method 
of Gatch and Little (14), sodium of serum or plasma 
and of urine by the gravimetric technique of Butler and 
Tuthill (15), potassium by the method of Fiske and 
Litarezek (16), chloride by Wilson and Ball’s method 
(17), carbon dioxide content of serum according to Van 
Slyke and Sendroy (18), total nitrogen by macro-Kjeldahl 
(19) on oxalated plasma or serum and urine, and non- 
protein nitrogen of serum or plasma by micro-digestion 
and nesslerization. Serum albumin was determined by 
Howe’s method (20). From the total protein of the 
serum and the serum albumin, colloid osmotic pressure 
("oncotic pressure”) was calculated, using the nomo- 
graphic formula of Wells, Youmans, and Mills (21). 
Oxygen capacity was determined on heparinized venous 
blood drawn without stasis and equilibrated with room 
air at room temperature (22). Hematocrit readings 
were made by adding 4 cc. of blood to 1 cc. of 1.1 per cent 
sodium oxalate and centrifuging in hematocrit tubes until 
no further change in the reading occurred, precautions 
being taken against loss of carbon dioxide. In some of 
the patients receiving S per cent glucose by vein the 
urinary excretion of glucose was measured, but these data 
are not included as the losses were trivial. 

Plasma volume was determined by the method of 
Gregersen and his coworkers (23), using the blue dye 
'L~1S24, the serum concentrations being measured spec- 
trophotometrically. “Available fluid” volume, taken as 
extracellular fluid volume plus the water of red blood 
cells, was determined as described by Stewart and 
Rourke (24). The patients were weighed on a stretcher 
fitting over silk scales which were accurate to within 10 
grams. 
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RESULTS 

Data are presented as obtained in three of the 
more conclusive experiments. Patient R. H. who 
underwent colporrhaphy and uterine suspension 
under ether anesthesia received 26.69 liters of 0.9 
per cent NaCI solution intravenously during a 
period of 96 hours, beginning immediately after 
operation. Convalescence was uneventful, and 
the patient seemed to have less than usual post- 
operative discomfort. There was no detectable 
edema at any time. Patient G. S., following col- 
porrhaphy under ether anesthesia, received in- 
travenously during a period of 144 hours 28.37 
liters of 5 per cent glucose solution without any 
untoward clinical effects and without edema. Pa- 
tient S. K., following a trivial surgical procedure 
consisting of uterine dilatation and curettage un- 
der ether anesthesia, was given 6.86 liters of 5 
per cent glucose solution by vein during a 36-hour 
period. Signs of water intoxication appeared, 
including nausea and vomiting, epigastric distress, 
disorientation and excitement, culminating shortly 
in coma. The infusion was immediately discon- 
tinued and complete recovery occurred in a few 
hours without the need of giving salt solution. 
Convalescence was subsequently uninterrupted. 
The patient was a young woman, 20 years old, in 


good general condition and without detectable 
renal, cardiovascular or hepatic disease. 

In Figure 1 are shown fluid intake and urine 
volume measurements in the three experiments, 
together with body weight before and after the 
infusion. Measurements of intake and urine vol- 
ume do not, of course, permit complete appraisal 
of the state of water balance, for water of oxida- 
tion on the one hand and extrarenal loss of water 
on the other are not considered. Since the latter 
factors are roughly stationary, however, the values 
do show the trend of water balance. Comparison 
of the G. S, and S. K. data bring out clearly the 
lag in water removal, which together with lack 
of sodium conservation (Figure 4) produced a 
rapid reduction of plasma sodium concentration 
in patient S. K. 

In Figure 2 are shown balance data with respect 
to sodium, chloride ion and potassium, as found 
in patient R. H. The record of cumulative sodium 
balance brings out the slowness with which the 
mechanisms governing extracellular fluid volume 
operate against an inflow of isotonic NaCI solu- 
tion. For 4 days they succeed only in progres- 
sively reducing the rate of increment, but by the 
eighth period they finally have the upper hand. 
The tolerance which the body shows for increase 
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Fig. 2. Electrolyte Balance Data from Salt 
Infusion Study 


in fluid when sodium and chloride ion are sup- 
plied with water is also indicated by the values 
shown in the upper half of the figure. 

In Figure 3 are recorded the incidental losses 
of - sodium, chloride ion, potassium and nitrogen. 
The scale of the nitrogen ordinate in grams is 
adjusted to that of the milliequivalent ordinate in 
terms of the nitrogen : potassium content of pro- 
toplasm (muscle). 

The protein-sparing effect of glucose is shown 
by the more gradual loss of nitrogen for G. S. 
^ compared with R. H. The loss of potassium 
in excess of nitrogen indicates withdrawal of in- 
tracellular fluid. The nitrogen-potassium discrep- 
ancy is much larger in the NaQ than in the 
glucose study. The total potassium loss for R. H. 
is^ 240 milliequivalents, while on the basis of 
nitrogen excretion 110 milliequivalents derive 


from destroyed protoplasm (44X2.5 — 110). 
The remaining 130 milliequivalents correspond to 
950 cc. of intracellular fluid. Such a relatively 
small loss from the body’s total content of intra- 
cellular fluid is probably not physiologically sig- 
nificant. The discrepancy in the nitrogen-potas- 
sium elimination appears to be largely an initial 
event occurring in the early postoperative period. 
It is probably dependent to some extent on anes- 
thesia and surgical trauma. 

The loss of sodium over the 6 days of the 
glucose infusion in the case of patient G. S. was 
289 milliequivalents. On the basis of the usual 
sodium content of interstitial fluid, 147 milli- 
equivalents per liter, this implies a loss of 1960 cc. 
Total extracellular fluid for this patient estimated 
as 20 per cent of body weight is 13,660 cc. The 
loss would therefore amount to 14.5 per cent, a 
considerable but not a seriously large loss. In 
the case of S. K., however, a rapid loss of sodium 
from failure of renal conservation, together with 
the lag in water removal (Figure 1), produced a 
reduction of sodium concentration to a dangerous 
extent. 

Figure 4 presents data on concentration of 
sodium in urine and plasma. The urine data 
from the NaCl study produce an impressive curve, 
which would seem to show quite clearly that the 
progressive decline in the rate of increase in 
extracellular fluid volume and the eventual re- 
duction of volume are accompanied by an in- 
creasing removal of water with respect to sodium. 
The data from the glucose study (Patient G. S.) 
show very strikingly how extensive is the ability 
of the kidney to dilute sodium and how nearly 
the theoretically required zero excretion is ap- 
proached. An approximately thirty-fold dilution 
of sodium with respect to its plasma level is 
attained. The data obtained from Patient S. K., 
in contrast with those from G. S., make clear the 
failure of this individual to conserve sodium in 
the presence of a large water excretion. In pos- 
sible explanation it may be noted that 6867 cc. 
were given as compared with 3005 cc. for Patient 
G. S. over the first 30 hours of the infusion pe- 
riod, although thereafter this patient received ap- 
proximately 6 liters per 24 hours without un- 
toward effects. As seen in Figure 4, the urine 
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PERIODS 012345676 0123456783 10 II 12 0(2345' 



sodium concentrations for S. K. progressively 
decline during the period of water intoxication 
and with cessation of infusion fall at once to the 
extremely low level found for G. S. The data 
thus suggest that the load suddenly placed on 
renal regulation is larger than can be immediately 

managed. . , . 

Tables I, II and III show data obtained m study- 


le concentration of various factors in the 
during the progress of the experiments, 
lable fluid” volume and plasma volume were 
letermined. The accuracy with which nor- 
alues are re-established after cessation of the 
on is strikingly shown in Table I. Table I^ 
Its balance data for the infusion period m 
iree cases. 
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DISCUSSION 

For the purposes of the experimental plan the 
patients studied were normal, healthy individuals, 
who were making uncomplicated recovery from 
moderate surgical trauma and ether anesthesia. 
As for the disturbances in body fluid connected 
with the anesthesia and operation in this group of 
cases, pertinent data have already been reported 
(25). At no time during the infusion did any 
of the patients show gross evidence of edema, a 
rather remarkable fact inasmuch as huge addi- 


tions to body fluid were made in the saline infusion 
studies. It is of interest also that the sensation 
of thirst was present, being perhaps more constant 
in the patients who were receiving glucose infu- 
sions. 

These studies show sharp differences behveen 
the effects of isotonic sodium chloride solution 
and isotonic glucose solution when such solutions 
are given at a constant rate by vein over a period 
of several days. In general terms the saline solu- 
tion tends to be retained, with consequent increase 


TABLE I 



Preoperative 

Postoperative 

Infusion 

stopi>ed 

Recovered 


May 19 

May 19 

May 24 
67.23 

May 28 
58.18 

Weight, ktftn 

60.49 

59.95 


42.8 

41.9 

25.6 

33.3 


16.3 

16.8 

11.9 

757 

13.6 

633 

7.82 

243 

1.04 

350 


841 

869 


8.16 

7.76 

5.97 

283 

1.22 

247 

138.5 

3.8 
110.0 
no A 


246 

233 


1.39 

1.47 


410 

392 


136.2 

139.9 


3.9 

3.9 



102.5 

106.5 

24.7 

3008 

11960 

27.2 



26.8 



3013 

4730 



12130 

1 o 1U(J 

Serum NPN, mgm. per 100 cc 

24.4 


33.0 




f®'’- liters given. Operation consisting of colporrhaphy and 

uienne suspension, ether anesthesia. Blood loss 357 cc. & r j 
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TABLE II TABLE HI 



Preoper- 

ative 

Postoper- 

ative 

Infusion 

stopped 

Date 

June 8 

June 8 

June 14 

Weight, kgm. 

69.83 

68.35 

67.88 

Serum protein, grams per 100 cc. 

7.S8 

7.47 

7.60 

Serum NPN, mgm. per 100 cc. 

21.2 

19.2 

IS.O 

Serum Na, m. eg. per liter 

137.S 

137.3 

133.4 

Serum Cl, m. eg. per liter 

106.0 

106.0 

91.0 


G. S. — Postoperative infusion study, 5 per cent glucose 
solution, 28.37 liters given. Operation consisting of 
colporrhaphy under ether anesthesia. 


in plasma and extracellular fluid volume, dilution 
of plasma protein, and dilution of red blood cells. 
After a period of several days a maximal point 
is reached, the excretory mechanisms succeed in 
turning the tide, and urine volume equals or ex- 
ceeds infusion volume. On the other hand, the 
infusion of isotonic glucose solution sets into 



Pre- 

oper- 

ative 

Post- 

oper- 

ative 

Hy. 

drated 

Hematocrit, per cent 

37.5 

37.9 

35.1 

Oxygen capacity, volume per 100 cc. 

16.3 

16.0 

15.0 

total, cc. 

714 

785 

761 

Plasma protein, grams per 100 cc.. 

7.66 

7.67 

7.20 

total, grams 

209 

234 

237 

Plasma A-G ratio 

1.54 

1.59 

1.2S 

Serum oncotic pressure, mm. HsO 

376 

380 

330 

Serum Na, m, eg. per liter 

140.5 

138.3 

112.0 

Serum K, m. eg. per liter 

4.4 

3.6 

3.1 

Serum Cl, m. eg. per liter 

105.0 

105.0 

86.5 

Serum HCOj, m. eg. per liter 

26.8 

19.1 

21.2 

Plasma volume, cc. 

2736 

3050 

3290 

"Available fluid.” volume, cc. 

11810 

11180 

15380 

Serum NPN, mgm. per 100 cc. 

23.4 

23.1 

13.2 


S. K. — Infusion study, 5 per cent glucose solution, 
duration 28 hours. Operation consisting of uterine 
curettage under ether anesthesia, blood loss 65 cc. Water 
intoxication and recovery. 

immediate activity protective mechanisms through 
which the kidney defends the electrolyte com- 


TABLE IV 
Balance data 


Study 

12-hour 

period 

Intake 

Urine 

HsO 

intra- 

venous 

HjO 

post- 

operative 

HjO 

total 

NaCl 

Glucose 

Volume 

Na 

Cl 

K 

N 

I 

0,9 per cent NaCI, 
Subject R. H. 

1 

2 

3 

4 

5 

6 

7 

8 

CC* 

3,080 

2,545 

2,850 

3,615 

3,700 

4,224 

3,940 

2,740 

cc. 

225 

270 

360 

330 

330 

360 

360 

360 

cc. 

3,305 

2,815 

3,210 

3,945 

4,030 

4,584 

4,300 

3,100 

mEg. 

476 

393 

441 

559 

572 

653 

609 

423 

grams 

cc. 

940 

880 

670 

1,760 

1,960 

2,540 

2,820 

4,065 

mEg. 

178 

236 

186 

465 

453 

564 

563 

666 


mEg. 

79 

25 

12 

25 

22 

26 

26 

25 

grams 

5.34 

4.47 

2.91 

6.92 
6.23 
6.73 
5.61 
5.70 

Total 

26,694 

2,595 

29,289 

4,126 


15,635 

3,311 

3,445 


43.91 

II 

S per cent Glucose, 
Subject G. S. 

1* 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

840 

1,135 

1,030 

2,530 

2,785 

2,565 

3,465 

3,213 

3,310 

3,702 

3,325 

475 

570 

285 

1,050 

705 

1,080 

885 

1,080 

540 

1,080 

900 

1,350 

840 

2,005 

1,315 

3,580 

3,490 

3,645 

4,350 

4,293 

3,850 

4,782 

4,225 

1,825 


42 

57 

51 

126 

139 

128 

173 

160 

165 

185 

165 

23 

220 

325 

1,675 

3,480 

2,940 

2,325 

3,380 

4,735 

3,075 

4,690 

3,440 

1,365 

6 

21 

9 

20 

7 

28 

50 

75 

17 

14 

27 

15 

21 

23 

33 

35 

33 

36 

62 

67 

38 

34 

21 

18 


2.43 
5.77 
4.96 
3.83 
3.23 

2.44 
3.19 
3.41 
3.21 
3.79 
3.30 
3.43 

Total 

28,375 

9,525 

37,900 


1,414 

31,650 

289 

421 

159 

42.99 

Ill 

5 per cent Glucose, 
Subject S. K. 

1* 

2 

3 


60 

165 

45 

810 

3,015 

3,312 

■ 

B 

m 

12 

54 

106 

11 

79 

85 

6 

24 

34 

O./o 

3.31 

3.08 

Total 

6,867 

270 

7,137 


342 

1,415 

172 

175 

64 

■Hg 

4 

0 

60 

60 



1,545 


43 

22 



5 

0 

0 

0 



1,820 

■ 

24 

15 



* Six-hour period. 
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position of the extracellular fluids, and large 
amounts of urine are excreted containing extra- 
ordinarily little sodium and chloride. Dilution of 
plasma colloids and formed elements in the blood 
is accordingly averted. Putting it diflterently, the 
renal regulator is extremely sensitive to changes 
in composition of extracellular fluid, but is quite 
tolerant of increases in extracellular fluid volume. 

It is evident that the administration of isotonic 
glucose solution by vein in the fasting subject 
results in reduced consumption of body protoplasm 
through the protein-sparing action of glucose. 
Such weight-conserving effects of glucose infu- 
sion are offset by the reduction in extracellular 
fluid stores accompanying the loss of sodium and 
chloride ion in the urine. The remarkable power 
of the healthy kidney to dilute sodium and chlo- 
ride ion minimizes but does not entirely prevent 
the dehydrating action of isotonic glucose infu- 
sions. As shown in the study of Patient S. K., 

. a dangerous body fluid disturbance may occur 
during the infusion of large amounts of isotonic 
glucose solution. The two factors which brought 
on the syndrome of water intoxication in this 
patient were retention of water without electro- 
lyte, and failure in renal conservation of sodium 
and chloride ion. 

A finding of interest was the mobilization of 
plasma protein by the saline infusion, but not at 
all, or much less extensively, by the glucose infu- 
sion. It would appear that reserve protein in the 
amount of 25 per cent or so of that in the plasma 
may be placed in circulation under conditions 
which tend to dilute plasma colloid, and appar- 
ently the loan is accurately paid back after the 
period of stress. If reliance can be placed on the 
albumin-globulin partition by the method used, 
then the reserve protein appears to be pre- 
dominantly globulin. Nevertheless, the plasma 
benefits by an important increment in colloid os- 
motic pressure as a result of such additions. 
Presumably, large increases in plasma and extra- 
cellular fluid volume, as brought about by saline 
infusions, would be accompanied by increases in 
lymph and, if so, the total amount of extravascular 
circulating protein might also be augmented. It 
is a notable fact that the addition of plasma pro- 
tein to the circulation taking place during saline 
infusions was unaccompanied by an increase in 
total circulating hemoglobin. 


In considering values for extracellular fluid 
volume in these studies, it should be borne in 
mind that the thiocyanate ion is taken up by the 
water of red blood cells and, further, that at 
diffusion equilibrium between thiocyanate in serum 
and in transudates, the concentration in transu- 
dates is about 100/110 of that in the serum (26). 
Consequently, the "available fluid for solution of 
thiocyanate” is to be regarded as only a rough 
approximation of true extracellular fluid volume, 
and the determination is of chief interest in show- 
ing changes in the same individual under varying 
conditions. 

CONCLUSIONS 

According to the data presented from three 
patients who underwent simple surgical proce- 
dures involving only slight loss of extracellular 
fluid, the chief effects of continued infusion of 
0.9 per cent sodium chloride solution and of 5 per 
cent glucose solution on a basis of fasting are as 
follows : 

Sail soluliott. Continuous infusion to the ex- 
tent of 6.5 liters daily produces a very large addi- 
tion to the volume of extracellular fluid, amount- 
ing to approximately 80 per cent of the initial 
volume. The daily increments, however, become 
progressively smaller and at the end of 3 to 4 
days a maximum expansion of volume is reached 
which is followed by a gradual process of subsi- 
dence. In terms of initial volumes, the increase 
of interstitial fluid is approximately 90 per cent 
and that of blood plasma 60 per cent. An addi- 
tion to the quantity of protein in plasma occurs 
to an extent which provides a protein concentra- 
tion at nearly 6 grams per 100 cc. ■ The circulation 
of extracellular fluid between the vascular and 
interstitial compartments is thus sustained and 
edema does not develop. Comparing the loss of 
nitrogen and potassium incidental to fasting with 
the N : K ratio in muscle tissue, a relatively small 
withdrawal of intracellular fluid, 950 cc., is indi- 
cated. 

The findings describe the surprising extent to 
which the extracellular fluid compartments can 
be overfilled without apparent evidence of func- 
tional disturbance. 

Glucose solution. In contrast with the effect of 
salt solution, continuous infusion of 5 per cent 
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glucose solution causes actual reduction of the 
volume of extracellular fluid, as evidenced by loss 
of body weight and of sodium. This dehydrating 
effect is referable to a not quite complete conserva- 
tion of sodium by the kidney. Renal effectiveness 
in controlling the formation of an enormous quan- 
tity of urine (5 liters daily) under circumstances 
which severely test the reabsorptive mechanisms 
is, however, very remarkable. The concentration 
of sodium in the urine is held below 0.01 M and 
sodium concentration in the plasma is almost 
completely sustained. A small protein-sparing 
effect from the glucose is shown by a 30 per cent 
reduction in the rate of nitrogen loss found in 
the salt infusion study. According to the relative 
quantities of nitrogen and potassium excreted in 
the urine, there is no appreciable withdrawal of 
intracellular fluid. The initial rate of glucose 
infusion was 2.4 liters per 24 hours. This was 
increased on the second day to approximately 6 
liters. 

According to evidence from a single patient, 
infusion of glucose solution at an initial rate of 
5.5 liters per 24 hours may cause derangement of 
renal control of the electrolyte structure of the 
plasma (water intoxication). This is shown by a 
failure to conserve sodium and a consequent rapid 
fall of sodium concentration in the plasma. With 
cessation of infusion there is immediate recovery 
of renal control. The concentration of sodium 
falls in the urine and rises to its usual level in the 
plasma. The data clearly suggest overtaxing of 
the capacity of renal regulation. 

These findings illustrate the fallacy of regarding 
glucose solution as a means of replacing losses of 
extracellular fluid and indicate the possible harm- 
fulness of large infusions. They do not disturb 
the rationale of moderate amounts of glucose 
solution given intravenously to support renal 
function by providing a physiologically suitable 
volume of urine and to replace insensible expendi- 
tures of water. 

Data in agreement with those presented were 
obtained from two patients given glucose solution 
and from five receiving salt solution. 

The authors wish to thank Dr. James L. Gamble for 
help in the preparation of this paper. 
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Since 1926 the intravenous injection of mag- 
nesium sulfate has been employed in this clinic 
for the treatment of the twitchings and convul- 
sions of advanced chronic nephritis in adults. 
This report is based on over forty cases so 
treated. (Tases of eclampsia, acute nephritis of 
childhood, and various other vascular disorders 
also treated with intravenous magnesium sulfate 
have been included. For comparative purposes 
the physiological effects of intravenous magnesium 
were observed in subjects without cardiovascular 
disease. 

REVIEW OF LITERATURE 

On the basis of animal experiments Meltzer (1) rec- 
ommended the use of magnesium intravenously in the 
treatment of tetanus, and there have been several reports 
of cases treated in this way (2, 3). In 1916 Peck and 
Meltzer described three cases in which magnesium sulfate 
was employed intravenously as a general surgical anes- 
thetic (4), However, amounts sufficient to induce an- 
esthesia were found to produce marked respiratory de- 
pression, so intravenous magnesium proved impractical as 
a general anesthetic. Attempts have been made to use 
it in combination with other anesthetics, but such sugges- 
tions have met with little favor (5). 

In 1923 Blackfan (6), on the basis of Meltzer's work, 
introduced intravenous magnesium sulfate therapy in the 
treatment of the convulsions of acute nephritis in children. 
He was convinced of the efficacy of the treatment on 
purely clinical grounds, but was uncertain as to the exact 
mode of action. Originally, Blackfan was impressed with 
the importance of cerebral edema in the etiology of con- 
vulsions in his patients and combined intravenous mag- 
nesium sulfate therapy with dehydration produced by 
^gnesium sulfate catharsis. Since magnesium sulfate 
mtravenously injected acts through the specific pharma- 
cological action of the magnesium ion, while its effects 

^ Aided by grants from the Ella Sachs Plotz Fund, the 
Committee on Therapeutics of the American Medical 
Association, and the Fluid Research Fund of the Yale 
University School of Medicine. 

* A preliminary report was presented to the American 

ociety for Qinical Investigation in May 1940; ]. Clin. 
Invest. (Proc.), 1940, 19, 783. 


arc simply those of any saline cathartic when it is given 
orally, it is clear that two quite different modes of treat- 
ment were used in conjunction by Blackfan. In his 
earlier reports he is not clear as to the relative importance 
of the specific magnesium ion effects and of the non- 
specific dehydration effects. If cerebral edema were as 
important a factor in these cases as he originally be- 
lieved, then dehydration should be most effective, and 
specific nervous system depression by magnesium should 
be harmful rather than otherwise; this, however, did not 
seem to be the case. In his last report in 1931 (7) he is 
inclined to stress the importance of dehydration but recog- 
nizes that intravenous magnesium sulfate may be quite 
effective without any dehydrating measures. Whatever 
the mode of action, Blackfan’s work demonstrates that in 
acute nephritis of children the intravenous injection of 
magnesium sulfate in isotonic or hypotonic solution lowers 
blood pressure, stops convulsions, and in many instances 
is followed by immediate clinical improvement. It is 
remarkable that these effects are produced by amounts 
of magnesium sulfate far smaller than those required in 
Meltzer’s experiments to produce anesthesia or to check 
tetanic spasms. Rubin and Rapoport (8) have also re- 
ported favorably on the use of intravenous magnesium 
sulfate in children but have emphasized the occasional 
dangers. 

In 1925 and 1926 Lazard (9), Alton and Lincoln (10), 
and Lazard, Invin and Vruwink (11) reported favorably 
upon the use of intravenous magnesium sulfate in con- 
trolling the convulsions of eclampsia, and it has since been 
used quite extensively for this purpose (12, 13). Its use, 
however, has been empirical, and its mode of action but 
little studied. 

MATERIAL AND METHODS 

Adult patients ordinarily received intravenously 500 cc. 
of a 2 per cent solution of the hydrated salt, MgSO, X 
7 H,0, during a thirty- to sixty-minute period. Some- 
times smaller or larger amounts were given. The rate 
of injection was occasionally altered during the course of 
the infusion. The injection of 500 cc. was repeated after 
a few hours if convulsions recurred or if twitchings sug- 
gested that another convulsion might be impending. In 
a few instances a third injection was given. Over twenty 
of these cases have been observed by one of us (A. W. 
W.) during the course of the infusions. In the remainder 
it has been necessary to rely upon observations recorded 
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in the chart; only those cases are included in which notes 
were made by observers of known competence.^ 

In most patients blood pressure was followed during 
and after the infusion. In certain cases serial electro- 
cardiograms from lead two were taken. Concentrations 
of magnesium in serum, urine and feces were determined 
in a number of instances, using chemical methods 
previously described (14). Cerebrospinal fluid pressure 
was followed during the infusion in one case. 

RESULTS 

(A) Cardiovascular effects 

^ Flushing, perspiration and a subjective sensa- 
tion of extreme warmth were reported by all the 
conscious patients. This was usually first noted 
within less than half a minute after the commence- 
ment of the injection, and continued to a greater 
or less degree throughout the infusion. The face, 
neck and hands were particularly affected, and a 
rise in skin temperature was easily demonstrated. 
These evidences of cutaneous vasodilatation were 
as marked in subjects with acute and chronic vas- 
cular disease as in normal subjects. The intensity 
of the effect depended in part on the rate of 
injection. 

Blood pressure was essentially unchanged dur- 
ing the infusion in four control subjects without 
cardiovascular disease, while in three others it 
dropped sharply (Figure 1). The drop, when it 
occurred, was usually quite sudden. Blood pres- 
sure varied but little during the earlier stages of 
the infusion ; then quite suddenly both systolic and 
diastolic pressures broke sharply, and within one 
or two minutes might drop so low that they were 
difficult to measure (Figure 2). The fall in 
blood pressure sometimes continued for one or two 
minutes after the infusion had stopped. Within 
the next five or ten minutes the pressure then re- 
turned promptly to the normal range. This sharp 
collapse in blood pressure was regularly accom- 

3 For help in this connection we are indebted to the 
entire past and present staff of the Metabolism Division 
of the Department of Medicine. Particular use has been 
made of the meticulous observations of certain cases by the 
late Dr. Maurice Wakeman, who originally introduced 
the use of intravenous magnesium sulfate in this clinic in 
1926. Dr. John P. Peters has had the responsibility for 
directing the treatment since its introduction and has 
made available the records of cases not studied by us 
personally. Acknowledgment is made to Dr, Arthur H. 
Morse and to Dr. Grover F. Powers for permission to 
include the obstetrical and the pediatric cases. 



SUBJECTS 

Fig. 1. Effect of Intravenous Magnesium Sulfate 
ON the Blood Pressure of Seven Subjects Without 
Hypertension or Vascular Disease 

The upper circle in each case represents the initial blood 
pressure ; the lower, the minimum pressure reached during 
or after the injection. In the first four subjects there 
was no significant fall in blood pressure, while in the last 
three there was sudden collapse. One unresponsive pa- 
tient received 250 cc., the other three 500 cc. each. The 
patients exhibiting decline of blood pressure received 220, 
370 and 375 cc., respectively, of 2 per cent magnesium 
sulfate. 

panied by nausea, thirst, extreme restlessness, 
mental confusion and a subjective sense of immi- 
nent doom. These alarming symptoms disap- 
peared at once when the pressure rose again after 
stopping the infusion. So disturbing were these 
manifestations that at the height of the reaction 
adrenalin was administered to one subject and in- 
travenous calcium chloride to another. Since re- 
covery was as rapid in the third untreated case as 
in these two, these procedures cannot be held solely 
responsible for the rapid return of the blood pres- 
sure to normal. The pulse rate was always slow 
during the period of hypotension. The four sub- 
jects exhibiting no significant fall in blood pres- 
sure complained of no such violent subjective dis- 
turbances but only of a feeling of warmth. 

The response of the blood pressure in patients 
with cardiovascular and renal disease to the intra- 
venous injection of magnesium sulfate in certain 
respects resembled, and in others differed from. 
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Fig. 2. Sudden Collapse of Blood Pp.essure in a 
Normal Subject While Receiving Magnesium Sul- 
fate Intravenously 

Just alter the termination of the injection the patient 
was unconscious and the diastolic pressure was unobtain- 
able. CaQj was given intravenously at this time. Re- 
coverj’ was complete within a few minutes. 


that of subjects without vascular disease. As tvith 
normal subjects, the blood pressure was but little 
affected in one group of cases (Figure 4), while 
it fell markedly in another group (Figure 3). The 
different types of chronic renal and cardiovascular 
disease were evenly distributed between the two 
groups which were indistinguishable on the basis of 
age and sex distribution or on the basis of amount 
or rate of injection of magnesium. In occasional 
cases the blood pressure reacted at one time and 
failed to react at another during the course of the 
same illness. In contrast to this irresponsive be- 
havior of many of these chronic patients, the blood 
pressure fell promptly in all but one of the sub- 
jects with eclampsia and acute nephritis (Figure 
5). 

In one important respect the reaction of hyper- 
tensive subjects differed from that of those with- 
out cardiovascular disease. The sharp collapse of 
the blood pressure in normal subjects receiving 
intravenous magnesium was rarely obser\'ed in 
those with hypertension. On the contraiy, the 
blood pressure usually fell rather slowly and gradu- 



Fig. 3. Change in Blood Pressure Following Intravenous Magnesium Sul- 
fate IN THE Fifteen Subjects With Chronic Renal and Vascular Disease 
Whose Pressure Did Decline 

The sj-mbols are the same as those used in Figure 1. Multiple injections in the same 
patients are indicated by the bracketing lines at the top and bottom. The usual dose 
was SOO cc. in each injection. 
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Fig. 4. Change in Blood Pressure Following Intravenous Magnesium Sulfate in the Twenty Subjects 
With Chronic Renal and Vascular Disease Whose Pressure Did Not Decline Significantly 
The symbols are identical with those used in Figures 1 and 3. The usual dose was SOO cc. 


ally (Figure 6) without any distressing subjective 
symptoms. It was hardly ever necessary to dis- 
continue the infusion because of symptoms asso- 
ciated with fall in blood pressure, and the shock- 
like levels reached in normal subjects were seldom 
seen. The degree to which blood pressure fell was 



Fig. S. Change of Blood Pressure Following In- 
travenous Magnesium Sulfate in Six Subjects 
With Acute Nephritis and in Five Subjects With 
Eclampsia 

The symbols are identical with those used in previous 
figures. The subjects with acute nephritis were children, 
the dose varying between 100 cc. and 300 cc. The ec- 
lampsia patients usually 'received SOO cc. 


not closely correlated with the amount of mag- 
nesium which had been given but rather with the 
rate of administration. It is not unlikely that 
some of the "unresponsive” subjects, with or with- 
out cardiovascular disease, might have developed 
hypotension if the rate of infusion had been greatly 
accelerated. The fall in blood pressure, when it 
occurred, was apt to be somewhat more persistent 
in the hypertensive than in the normal subjects, 
frequently lasting half an hour to an hour and 
occasionally lasting several hours. The return 
to the previous level took place in spite of the con- 
tinued presence of an increased concentration of 
magnesium in the serum (Table II). 

No correlation could be found between cessation 
of convulsions and the presence or absence of 
blood pressure changes. Electrocardiograms were 
taken during the entire course of magnesium in- 
jection in six instances. Minor changes only 
were observed, consisting chiefly of slowing and 
slight prolongation of the PR interval. No in- 
traventricular block and no arrhythmia were de- 
tected. The only case in which the prolongation 
of the PR interval was at all evident was also the 
one in which the serum magnesium reached the 
highest concentration found in this series. 
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Fig. 6. Gradual Decline of Blood Pbessube During the Intravenous Injeclion of SOO ca of Mag- 
NEsruit Sulfate in a Patient With Chp.onic Glomerulonephritis and Severe Hypertensive Cardio- 
VASCL-LAR Disease 


(S) Effects on convulsions and twiichings 

It is difficult to evaluate the effect of any thera- 
peutic measure on the convulsions in "uremic” 
patients for several reasons. First, only a portion 
of the patients with pre-terminal nitrogen reten- 
tion and manifestations of “uremia” develop con- 
vulsions. Although twitching of the muscles — 
sometimes fibrillary, sometimes involving whole 
muscles and groups of muscles — is often a prelude 
to the development of actual convulsions, the 
appearance of convulsions is by no means in- 
variable. Secondly, therapy instituted after the 
development of convulsions cannot readily be 
evaluated since convulsions tend to disappear 
spontaneously. Finally, the great majority of the 
patients studied here were near death when ther- 
apy was instituted, since convulsions and twitching 
in chronic nephritis with nitrogen retention seldom 
occur until shortly before death. Failure of con- 
vulsions to recur after a single injection in many 
eases was therefore inevitable. Nevertheless it 
was possible to make an analysis of the relation 
of the convulsions to therapy. This is presented 
in Table I. 

^ Some two-thirds of the cases of chronic nephri- 
tis with convulsions had no more convulsions after 
a single injection of magnesium sulfate, while the 
remaining third required two injections. No pa- 
tient who received full amounts in each injection 
required more than two injections. The precise 


interpretation of this apparently effective control 
of convulsions is uncertain, since it is impossible 
to say how many patients in an untreated group 

table i 

Effectiveness of intravenous magnesium sidfate in relieving 
convulsions and muscular tivitching 


Cases receiving magnesium for other causes are not 
included. 

Group A: Chronic nephritis with convulsions (25 cases) 
Complete cessation of convulsions after one 
injection * 17 

Complete cessation of convulsions after two 
injections 7 

Complete cessation of convulsions after three 
injections f 1 

In only one of these 25 cases had the patient been 
given magnesium therapy for twitching prior to the 
development of convulsions. 

Group B; Chronic nephritis without convulsions but 
with twitching (9 cases) 

"Believed helpful" 5 

"Believed useless" 3 

Uncertain 1 

In none of these nine cases did actual convulsions 
develop. 

Group C: Acute nephritis with convulsions and subse- 
quent recovery in children (2 cases) 

Convulsions ceased after one injection 1 

Single recurrence after one injection I 

Group D: Eclampsia and convulsions (8 cases) 

Convulsions ceased completely after one in- 
jection f 7 

Convulsions ceased completely after two in- 
jections j 


• » three instances convulsions recurred after a free 
mterval of a week or more- 

TK continued during the third injection. 

1 he fest two miections were half the usual size. 

rn-Itai tine dirf during the infusion and one died 
twelve hours after the infusion. 
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of cases would have had more than two sets of 
convulsions. It is our general clinical impression 
that, while convulsions are often single in uremia, 
cases are not infrequently met with in which 
repeated sets of convulsions occur. If this be so, 
there are grounds for believing that magnesium 
therapy is effective, since in every instance in our 
treated series convulsions were readily controlled. 

More definite is the fact that, considering 
groups A and B together, in only one instance 
out of the ten in which preliminary twitchings had 
been treated with magnesium did convulsions 
develop. Since twitchings are ordinarily so fre- 
quently followed by convulsions, it seems almost 
certain that this represents a genuine prophylactic 
action of magnesium. The effects of magnesium 
in stopping the twitching itself are very slight. 
In no instance was magnesium followed imme- 
diately by disappearance of the twitching. 

Magnesium is apparently effective in controlling 
the convulsions in acute nephritis and in eclampsia 
(Table I, groups C and D). It is difficult to in- 
terpret these figures, however, since convulsions 
are somewhat less apt to be persistently recurrent 
in cases of this type, and the total number of 
cases studied is small. 

(C) General clinical improvement 

Notes stating that there was a “general clinical 
improvement” are frequently found in connection 
with the eclampsia and acute nephritis cases and 
are notably absent in the cases with chronic 
nephritis. This is such a vague expression that 
extended discussion is out of place in an attempt 
at objective evaluation of the results of therapy. 
Diuresis was but little stimulated; vomiting and 
mental status were not often affected. A deep 
natural sleep sometimes occurred not long after 
the infusion. 

(D) Effects on cerebrospinal fluid pressure 

It is well known that, whatever may be the case 
with the acute nephritis of children, the brains of 
adult uremic patients do not regularly show edema 
at autopsy (15). Lumbar puncture frequently 
reveals a slightly increased pressure during life, 
but rarely a markedly increased pressure (16). 
Of the seven instances in this series in which 
lumbar punctures were done, a significantly in- 


creased pressure was found in only one, a patient 
who proved at autopsy to have a meningioma. 
In view, however, of Blackfan’s suggestion that 
intravenous magnesium sulfate might in some 
manner achieve its effects by lowering cerebro- 
spinal fiuid pressure, a lumbar puncture needle 
attached to a manometer was inserted in the spinal 
canal just before an infusion of magnesium sul- 
fate, The patient was a stuporous young woman 
in the last stages of glomerulonephritis who had 
been having convulsions shortly before the infu- 
sion. Before the infusion the cerebrospinal fluid 
pressure was 260 mm. of water, during the half 
hour infusion it was 230 mm., and for some time 
thereafter it remained at this same level. Evi- 
dently magnesium sulfate had no significant effect 
on the cerebrospinal fluid pressure in this case. 


(£) Untoward reactions 


Some 100 or so injections were given to fifty- 
three patients, most of whom were in a pre-mortal 
state with advanced renal and cardiac disease. 
Nevertheless death only occurred once during an 
infusion, and this was just after the infusion had 
begun. This patient was desperately ill with an 
acute eclamptic syndrome, and it is probable that 
she would have died within an hour or so even if 
no magnesium sulfate had been given. With this 
single exception no serious ill effects which might 
have been ascribed to the magnesiuna were noted. 
The sudden fall of blood pressure occasionally 
appeared alarming but was never followed by any 
persistent shock-like state. Even after hypoten 


< Through the courtesy of Dr. Charles 
sen informed of a fatality immediately following the 
pid intravenous injection of 30 cc. of per cen *^^2 
;sium sulfate. This patient received in less than a 
inute as much magnesium as that contained^ m 375 
. of our 2 per cent solution. Such a rapid injection 
oduces a sudden great elevation of magnesium m 
rum followed by a rapid fall. The maximal concen- 
ation attained in serum under these crcumstances de- 
:nds as much upon rate of injection as upon the amount 
iected so that it is difficult to control it with any 
ecision In view of the narrow margin between cf- 
ctive and dangerous concentrations, this is a serious 
ijection The occurrence of this fatality emp asiz 
e dangers inherent in the rapid intravenous injection 
concentrated solutions of magnesium suHate In our 
erapeutic practice we use no greater concentration than 
per cent, and allow at least half an hour for the 
:tions of 500 cc. 
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sion liad been established b}' the infusion of mag- 
nesium sulfate, a convulsion invariably raised 
blood pressure, indicating that vasoconstrictor 
nieciianisins were still cfTcctivc and that blood 
pressure was not fixed at the low level. Amounts 
sufficient to cause failure of spontaneous respira- 
tion were never used. Vomiting during the in- 
fusion occurred twice. 

(F) Concentrations in the blood, and excretion 

In Table II are presented analyses of scrum 
for magnesium before and after infusion in nine 


subjects. In four of them urinary excretion, and 
in one excretion in the stools, was studied as 
well. The serum concentration immediately fol- 
lowing the infusion usually ranged from 4 to 10 
m.eq. per liter, although in two instances a con- 
centration of 13.3 m.eq. per liter was found. 
These high values were associated with slight 
shallowness and slowing of respiration but no 
respiratory failure. Knee jerks, however, were 
absent. Patient Number five was comatose before 
and during the infusion; but patient Number 
eight was awake and cooperative. Toward the 


TABLE n 


Magnesium in serum, urine and stools 







Magnesium 

Num- 

ber 







Serum 




Diasnosia 

Dale 

Body 

Blood 




Urine 
24 hours 
after 

Volume 

of 

distri- 

weight i 

1 

NPN 

Injected 


After 

Next 







Initial 

Infu- 

morn- 

infusion 

bution 








sion 

ing 



(1) 



kgm. j 

mgm. 

per 

cent 

m.eq. 

>n.« 5 . per tiler 

m.eq. 

«. per 
kgm. 

Chronic nephritis 

December 12 

60 

250 

81.3 

4.9 

8.4* 

7.5 


36 


with edema 










(2) 

Eclampsia 

February 2 

50 

40 

122.1 

2.7 

5.8* 




(3) 

Chronic nephritis 

November 15 

50 

185 

37.7 

2.4 i 

4.3 

2.6 


37 


with edema 

November 17 




2.0 



1.0 




November 18 to November 21 

1 


1 




4.4t 



1 

November 27 

1 

200 

73.2 

2.0 

5.4 

4.5 

1.4 

40 



November 27 to December 5 

i 




1 


.3.0f 


(4) 

Chronic pyelo- 

February 10 

60 

113 

81.3 

1.6 

6.6 

4.3 


25 


nephritis 

February 19 


129 

81.3 

2.6 

7.1 

5.9 


28 



February 23 

1 

173 

81.3 

4.8 

8.9 

8.0 


31 

(5) 

Chronic nephritis 

May 16 

52 

84 

122.0 

1.7 

7.7 

4.4 

9.2 

36 


with edema 

June 21 


150 

97.6 

6.7t 

13.3 

12.2 


26 

(6) 

Chronic nephritis 

October 21 

55 

145 

81.3 

1.8 

6.4 



30 

(7) 

without edema 
Chronic nephritis j 

December 16 

60 

200 

81.3 

4.3 

10.8 



19 


with slight edema 

December 16 to December 18 



1 



7.0§ 

7.S 

1 


(8) 

Acute necrotizing 

December 29 

50 

50 

81.3 

2.3 

9.8 

4.9 




hypertensive dis- 

December 30 



81.3 

7 

11.0 

2.8 




ease 

December 31 


24 

81.3 

2.8 

13.3 

3.0 

83.0 




January 5 



81.3 

2.5 

8.5 

2.4 





January 6 



61.0 

2.4 

8.4 

1.9§ 





January 8 



. 81.3 

1.9 

10.5 

2.4§ 





January 10 



81.3 

i2.4 

7.7 




(9) 

Chronic nephritis 


55 

50 

81.3 

1.5 

4.4 

2,5 




without edema 

March 4 j 









(10) 

Chronic nephritis 

May 29 

50 i 

45 

81.3 

2.3 

6.7 





without edema 

May 30 



81.3 


8.2 







May 31 



81.3 


8.5 





Six hours after infusion. 

I roagnesium 2.6 and 4.S m.eq. per 24 hours during these two periods, respectively. 

1 04.9 m.eq. of magnesium given during the previous night. § Forty-eight hours later. 
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end of the infusion associated with this 13.3 
value, this second patient became very drowsy and 
responded only with difficulty ; sensitivity to pain- 
ful stimuli was also much reduced. These symp- 
toms disappeared not long after the end of the 
infusion. Levels of 4 to 10 m.eq. per liter were 
not accompanied by anesthesia, coma, motor paral- 
yses, absence of deep reflexes, or any subjective 
sensation other than the feeling of warmth dur- 
ing the injection. This confirms the observations 
of Peck and Meltzer (4), who found that amounts 
sufficient to raise the concentration to about 15 
m.eq. per liter (estimated) were necessary to 
produce surgical anesthesia in man. It is also 
consistent with the observations of Neuwirth and 
Wallace (17) and of Hoff, Smith and Winkler 
(18) that levels in excess of 10 m.eq. per liter 
are necessary to produce neuromuscular block 
and evidence of narcosis in dogs. 

The rate of decline of the concentration of mag- 
nesium in the serum of subjects with high blood 
NPN values is very slow. Thus in the first five 
cases of Table II the magnesium concentration 
had usually dropped only a milliequivalent or so 
by the next morning. This rate of disappearance 
means that an elevated concentration must per- 
sist for several days. On the other hand, the rate 
of disappearance from the serum was very rapid 
in those patients whose renal function was more 
nearly normal (patients Number eight and Num- 
ber nine), so that the concentration had virtually 
returned to normal by the next day. The urinary 
excretion is correspondingly low in the patients 
with markedly impaired renal function. Thus 
only 8 per cent of the injected magnesium was re- 
covered from the urine in the twenty-four hours 
following the infusion in patient Number five. In 
Case eight, on the other hand, with a normal NPN, 
the entire amount injected on December 31 was 
recovered from the urine the next day. Stool 
excretion was not \increased following magnesium 
injection (patient ^Number three), so it must be 
assumed that the main channel of excretion of in- 
jected magnesium\is the urine, and that in ad- 
vance nephritis witji depressed clearances this ex- 
cretion is ordinarily much impaired. The impor- 
tance of renal excretion in the elimination of in- 
jected magnesium is consistent with the results of 
McCance and Widdowson with normal men (19) 


and of Smith, Winkler and Schwartz with dogs 
(14). 

In the last column of Table II are tabulated the 
apparent volumes of distribution of the injected 
magnesium in cases with renal insufficiency. 
These values were calculated by the formula (14) : 

Volume of distribution (per cent of body weight) 

Amount of Mg injected 

X 

Increase in concentration of Mg in serum 

100 X 0.93 
Body weight 

This calculation ignores the urinary excretion 
during the period of injection, an omission which 
is only justified by the low rate of excretion of 
magnesium in patients with renal insufficiency. 
It cannot be applied to the cases with normal or 
slightly reduced renal function. The factor 0.93 
is assumed to be the fraction of water in serum. 
The results indicate that the immediate apparent 
volume of distribution varies between 19 and 40 
per cent of the body weight and tends to be higher 
in edematous than in non-edematous subjects. 
These figures are consistent with those obtained in 
normal animals and indicate that the greater part 
of the injected magnesium is, at least at first, con- 
fined to the extracellular fluid (14). 


discussion 

ntravenous magnesium in the amounts given is 
larently of some value in preventing^ and con- 
ling the development of convulsions in chronic 
hritis. These benefits, such as they are, occur 
h amounts of magnesium so small that m am 

,s comparable amounts 
iression of the nervous sys em ( , 

however, produce pronounced vasodilatation 
)), and in man the same vasodilatation is regu- 
y observed. It seems at first sight reasonable, 
rdore, to ascribe the therapeutic effectiveness 
the ion more to this vasodilatation than to 
vous system depression. This interpretation 
however, not consistent with the observation 
t in many of the cases of chronic nephntis no 
t in blood pressure occurred. It is precisely m 
chronic group that beneficial effects were also 
irregular^ in contrast to the much more con- 
ait fall in blood pressure with clinical improve- 
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merit in the subjects with acute nephritis and ec- 
lampsia. That some moderate peripheral or cen- 
tral depression of the nervous system occurred as 
well cannot, of course, be excluded. With re- 
peated injections of magnesium (Table 11 (5, 8)), 
the concentrations of magnesium rose above 10 
m.eq. per liter, and with such concentrations de- 
pressions of the ncr\'ous system are demonstrable 
in dogs (17, 18). Slow single injections of 500 
cc. of 2 per cent IiIgS 04 did not raise the serum 
magnesium to this extent. 

The slow excretion of magnesium in the urine 
of nephritic patients caused a persistent elevation 
of magnesium in the serum, lasting some hours or 
days. This makes repeated doses more effective 
and at the same time more dangerous. Since 
1000 cc. of 2 per cent MgSO< will raise the mag- 
nesium concentration to the 10 to 15 m.eq. per liter 
level, and since in animals respirator}' failure oc- 
curs at 15 m.eq. per liter, not more than two in- 
jections of 500 cc. each should be given within a 
period of two or three days. The situation with 
patients with eclampsia is not comparable, since 
renal function is usually more nearly normal and 
rapid elimination of the magnesium from the blood 
stream is to be expected. 

The concentrations of magnesium attained were 
insufficient to cause respiratory arrest in any in- 
stance, but in several patients mild depression of 
respiration was observed. In all such cases tendon 
reflexes had already disappeared. The results ob- 
tained with animal experiments (18) were thus 
confirmed, in that knee jerks disappear at a con- 
centration of magnesium below that at which re- 
spiration fails. Practical advantage may be taken 
0 this fact in regulating the amount and rate of 
injection of magnesium in man. So long as the 
nee jerks are active, there is no need to be con- 
cerned about respiratory failure, while their disap- 
pearance is a warning sign. 

The return of the blood pressure to its previous 
eve m the continued presence of an elevated con- 
magnesium in serum may only mean 
nn though still greater than 

rma , as fallen below the critical level necessary 
° vasoconstrictor impulses. During in- 

ttavenous injection the rate of diffusion of mag- 
mm out of the blood stream into the tissues 
tion ^ somewhat less than the rate of injec- 
> so t at the concentration rises sharply in the 


serum. So long as this is in progress a concentra- 
tion greater than that in tissues and sufficient to 
lower the blood pressure may be temporarily main- 
tained in the circulating serum. After the infu- 
sion is concluded, magnesium in serum will gradu- 
ally decline until equilibrium with tissue fluids is 
reached, even if excretion is negligible. The 
greater persistence of hypotension in subjects with 
renal impairment than in those without may in part 
be due to the more rapid fall of magnesium of 
serum in the latter, due to urinary excretion as 
well as diffusion. It is also possible that powerful 
vasoconstrictor forces may be called into play in 
order to antagonize the action of magnesium. The 
nature of these hypothetical stimuli is as obscure 
as the locus of action of magnesium itself. Even 
after a marked hypotension has been induced by 
magnesium, any muscular activity of the patient 
raises the blood pressure sharply. From the ease 
and rapidity with which the fall of blood pressure 
may be reversed, it may reasonably be concluded 
that there is no capillary paralysis such as is seen 
in “shock.” It seems reasonable to believe that 
the main site of its action is the arteriole. In this 
event it must be assumed that in the unresponsive 
subjects the cutaneous vessels dilate but that the 
splanchnic or somatic vessels contract, thus main- 
taining the blood pressure. 

The effects on the cardiovascular system are not 
entirely comparable to those obtained experiment- 
ally in normal dogs (20, 21). Both cutaneous 
vasodilatation and fall in blood pressure are pres- 
ent in the dog. These follow the injection of 
amounts too small to exert any demonstrable effect 
on the nervous system. The fall in pressure, 
however, is apt to be gradual in the dog and the 
sudden collapse seen in normal man was not ob- 
served. Indeed, the normal dogs behaved more 
like the hypertensive patients. The action in dogs 
is usually transient, but repeated doses are effective 
each time and there is a tendency for the blood 
pressure to remain at a somewhat reduced level 
as long as an elevation of magnesium in the serum 
persists. This vasodilator effect occurs with as 
little as 3 to 5 m.eq. of magnesium per liter of 
serum, whereas motor paralysis and respiratory 
arrest do not occur until a level of 10 to 15 
m.eq. is attained. Significant electrocardiographic 
changes also occur during magnesium injection in 
the dog, consisting chiefly of progressive pro- 
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longation of the PR interval and, finally, brady- 
cardia and cardiac arrest (21). These changes 
are, however, barely manifest at levels below 15 
m.eq. per liter and can often be demonstrated only 
with the aid of artificial respiration. The slight 
changes observed in man are entirely comparable 
with those produced in the dog by similar concen- 
trations of magnesium in the serum. 

CONCLUSIONS 

1. The slow intravenous injection of 500 cc. of 
2 per cent magnesium sulfate (MgS 04 X 7 HjO) 
is a safe procedure which is of some value in pre- 
venting and controlling the convulsive seizures of 
chronic nephritis in adults. The benefits are, 
however, neither certain nor dramatic. 

2. If convulsions are not controlled by a single 
injection, they will almost always be checked by a 
second injection. After two injections magnesium 
may attain such a high concentration in serum that 
its depressant effects on the nervous system may 
become manifest. 

3. After injection the concentration of mag- 
nesium may remain elevated for several days in 
patients with chronic nephritis because of the re- 
tarded excretion of magnesium in the urine. More 
than 1000 cc. of 2 per cent magnesium sulfate 
should therefore not be given within a forty-eight- 
hour period in the presence of severe renal insuf- 
ficiency, lest a concentration sufficient to produce 
respiratory paralysis be attained. 

4. Magnesium in these amounts causes cutane- 
ous vasodilatation in all subjects. Blood pressure 
regularly falls in subjects with acute nephritis or 
eclampsia but is frequently unaffected in those 
with chronic cardiovascular disease. 
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The relationships among the hemolytic strepto- 
cocci have been greatly clarified by the funda- 
mental work of Lancefield (1). She has shown 
that these organisms may be classified into groups 
on the basis of a precipitin reaction and ample evi- 
dence has accumulated (2, 3) to show that almost 
ail human infections are caused by members of 
her Group A. 

Strains of the groups from B to K are respon- 
sible for many types of infection in animals, and 
occasionally in man, and are also frequent normal 
inhabitants of the human nose, throat and bowel. 
Non-hemolytic \'arieties are also well knowm among 
these groups (4) . 

The strains which are members of Group A may 
be further classified into more than 30 types by 
an agglutination test as described by Griffith (5). 
Many technical difficulties have prevented the wide- 
spread application of this procedure but the modi- 
fications of the original method suggested by Ward 
and Rudd (6) and further revised in this labora- 
tory have made the serological typing of these 
streptococci simple and reliable. 

The development of a satisfactory method of 
classifying the hemolytic streptococci pathogenic 
for man into types has offered a tool for the in- 
vestigation of many aspects of the epidemiology, 
nature, and therapy of infections due to these or- 
ganisms. Except for studies of epidemiology and 
observations on the relation of type to immunity, 
practically no answers have yet been obtained to 
the challenging questions which the availability of 
this method has raised. 

A continuing study of hemolytic streptococcal 
infection in the San Francisco area has, therefore, 
been undertaken, and the Griffith classification has 
been applied for the purpose of gaining further 
information on the relationship of the serological 
types of Group A to disease states. 

It is the purpose of this paper to review the 
published data bearing on this subject, to present 


certain modifications of method which increase the 
simplicity and reliability of the serological typing 
of the hemolytic streptococci and to state and dis- 
cuss the results of the application of these methods 
to strains of streptococci isolated from infections 
and from normal human subjects in San Francisco 
during the seasons of 1940 and 1941. 

REVIEW OF THE LITERATURE 

Distribution of Griffith types in various disease 
states. Table I presents the collected data on 
nearly all of the extensive surveys of Griffith type 
distribution in various disease states available at 
the present time. For purposes of simph'fication 
and clarity no type occurring in less than 2 per cent 
of the examined strains in any series has been in- 
cluded and all percentage values are given to the 
nearest whole nmnber. 

From a study of these data certain important 
facts emerge. It may be definitely stated that no 
type or small group of types is regularly respon- 
sible for scarlet fever throughout the world. 
Types 1, 2, 3, and 4 occur frequently in Great 
Britain, the United States and Japan, but even in 
these areas a very large number of cases may be 
caused by other types. For example, in Edin- 
burgh in 1933 to 1934, 66 per cent, and in London 
in 1937, 53 per cent of all strains did not fall into 
these four types. In Australia, types not included 
in those originally described by Griffith and identi- 
fied locally^ are isolated from the majority of 

1 Since the preparation of this paper, an opportunity to 
study strains of the local Australian types has been made 
available through the courtesy of Dr. F. G. Jforgan of 
the Department of Health, Commonwealth of Australia. 

Type "Hempston” appears to be identical with the 
Griffith t>'pe 3 ; t>-pe “Wade” with t>'pe 9 ; type "Stewart” 
with type 13 ; and type “Coghlan" with type 23. 

‘Wade” occurred more frequently than any other local 
type and is included in a separate column in table I. 
Fifty-six and a half per cent of the strains included in 
the same table under "local surgical tiTtes" were of types 
"Hempston,” "Stewart” and "Coghlan.” 
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general tendency for the two groups of diseases 
to be caused by different groups of organisms. 
For example, in London, only 22 per cent of cases 
of puerperal sepsis were caused by hemolytic strep- 
tococci of the 5 types most commonly found in 
scarlet fever, and in Australia the common scarlet 
fever types only occasionally were responsible for 
surgical infections and puerperal sepsis. 

Epidemiology. Enormously valuable contribu- 
tions to the knowledge of the epidemiology of 
hemolytic streptococcal infections have been made 
by the introduction of the Griffith classification. 
Some of these have been discussed in the previous 
section. 

Colebrook (11) has shown that, in puerperal 
infections, the source of the infections may be 
traced in a large number of instances. In ap- 
proximately 10 per cent it is found that the infect- 
ing organism has been harbored in the naso- 
pharynx of the infected individual, but practically 
never in her genital passages. In the remaining 
cases, a physician, nurse, attendant, or member of 
the family is found to be the responsible carrier. 

The comprehensive studies on war wound infec- 
tions by Miles (18) have demonstrated that in- 
fections due to the hemolytic streptococcus spread 
from patient to patient and that waves of new 
infections follow the introduction into the ward 
of a fresh case infected with a new type. Epi- 
demics of streptococcal respiratory infections 
within a closed group have been shown to be 
caused by a single type of streptococcus (19). 

Sevo'ity of infection and complications. In 
spite of the large number of observations recorded 
in Table I, little information has been collected 
bearing on the relationship of the Griffith types to 
the severity of infection nor to the nature and type 
of complications. It has been shown by Brown 
and Allison (20) that suppurative complications 
such as otitis media following scarlet fever are 
usually the result of reinfection with a type dif- 
ferent from that causing the initial infection and 
these observations have been amply confirmed by 
de Waal (10). As a general rule, complications 
occurring in the first week are caused by the 
initial type; those developing after this time are 
due to new types. In de Waal’s series of 1,831 
cases, 600 patients had complications of which 
only 20 per cent were associated with the type 
present on admission. 


An analysis of his data, for the purpose of 
determining the relative tendency of various types 
to produce a more severe disease or complications, 
shows fairly clearly that there is a very real 
difference in the ability of the strains of the 
various types to cause complications and to pre- 
pare the soil for infection by other types. 

Thus 48 per cent of initial Type 4 infections 
suffered complications, 30 per cent of Type 1, 18 
per cent of Type 2, and only 7 per cent of Type 3. 
Type 1, which was the etiological agent in 49 per 
cent of the admitted cases, caused only 22 per 
cent of complications, whereas Type 4, which was 
isolated from only 13 per cent of all cases on 
admission, was responsible for 20 per cent of all 
complications. The Type 4 cases are interesting 
for, not only were they more often complicated, 
but 66 per cent of the complications were caused 
by Type 4 rather than a new type. 

Type 4 also appears to have caused otitis media 
about twice as frequently as Types 1 and 2. Or- 
ganisms of this type were therefore more virulent 
and highly invasive than those of the other com- 
mon types in this particular epidemic. 

Other observations bearing on these points have 
been made by Bailey (13), who found no differ- 
ence in the complication rate among the cases 
included in Types 2, 3, and 6, his most frequently 
occurring types, and Pauli and Coburn (14) who 
have stated that, during a certain season in New 
York, Type 13 infections were more likely to 
reactivate rheumatic fever than were infections 


due to Type 22. 

It is impossible, therefore, to state definitely 
whether strains of certain types, when isolated 
from infections over wide geographical areas, will 
be uniformly more virulent than others, or whether 
this phenomenon will be a purely local one, vary- 
ing from season to season, or epidemic to^ epi- 
demic, but it is clear that there have been differ- 
ences in the invasiveness of certain types m 
carefully studied epidemics. 

Animal virulence and toxin formation. An ex- 
tensive study of the relation of the serological 
type of Group A streptococci isolated from cases 
of scarlet fever to animal virulence has been made 
by Kodama and his associates (16c). A constant 
and very large infecting dose of organisms was 
used with white mice as test animals. Sixty-one 
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strains of Type 2, 1S9 of Type 4, and 77 of Type 
S were studied. Tlie mortality rates in tlie in- 
fected animals were 16.4, 25.4, and 20.8 per cent, 
respective!}’. Too small a number of strains of 
other tA-pes were studied for satisfactoiy conclu- 
sions to be drawn. The differences in mortality 
are small and not statistically significant, but sug- 
gest that T}’pe 4 was more virulent than Type 2. 
They further studied 10 strains eacli of 5 n-pes 
after serial mouse passage, but failed to demon- 
strate any difference in the degree of mouse patho- 
genicity after this procedure. 

Eiythrogenic toxin production for the strains 
of streptococci described above was also studied 
by Kodama and his associates. Seventy-two and 
two-tenths per cent of T}pe 2, 91.6 per cent of 
Type 4, and S6.9 per cent of Type S strains 
formed this toxin. These differences are not as 
definite as those given above for mouse virulence. 
The ability of organisms of the various t}pes to 
form this toxin has also been studied by Bailey 
(13). Only small numbers of strains were studied 
but this product was formed by streptococci of 
Tjpe 3 much more frequently than by those of 
Types 4 and 6. These obsen'ations are probably 
statistically significant. 

Relation of serological type to therapy. It has 
been amply shown by Loewenthal (21 ) and Lyons 
(22) that sera for the protection of experimental 
animals against hemoljtic streptococcal infections 
must contain homologous type specific antibodies. 
This fact undoubtedly accounts for the failures of 
many early attempts at the preparation of thera- 
peutic sera. Since the development of adequate 
methods of serological typing, type specific thera- 
peutic sera have been prepared in animals but 
have received little clinical trial. Platou, Dwan 
and Hoyt (23) have described in vitro experi- 
ments which demonstrate a feeble antibacterial 
activity in type specific convalescent scarlet fever 
sera, and are investigating the use of such sera in 
the treatment of this disease. 

No data are available, either of an experi- 
mental or dinical nature, which may be used to 
determine the response of infections due to the 
''arious tj'pes of hemol}'tic streptococci to the sev- 
eral sulfonamides. 


METHODS 

1. Isolation of organisms and Lanccftcid classification. 
All the strains of hemob'tic streptococci described in this 
stud}' have been isolated from individuals suffering from 
yarious t}'pes of hemolytic streptococcal infections or from 
tlie excised tonsils of normal persons. The procedures 
used in the isolation and Lancefield classification of these 
organisms have been described elsewhere (17). All 
strains yvere demonstrated to be members of Group A. 

2. Griffith typing. Since the dey’elopment by Griffith of 
an agglutination method for the division of strains of 
hemoh’tic streptococci of the Lancefield Group A into 
types, various modifications of his methods have been 
proposed. These have been directed at the preparation of 
better agglutinating suspensions and of sera more nearly 
free from intra-type cross reactions. Procedures used 
in this study will be described in detail : 

a. Agglutinating suspensions. Two principal difficulties 
have been encountered in the preparation of satisfactory' 
agglutinating suspensions: the first and most serious is 
the failure of the streptococci to grow diffusely in broth 
culture; the second is the tendency of certain strains to 
be inagglutinable even though the suspension is otherwise 
satisfactoo’- Repeated rapid transfer in liquid media or 
the addition of certain substances, such as serum, ascitic 
fluid (S), or live to’psin (24) to nutrient broth has 
been proposed for the elimination of granular suspensions. 
Considerable experience yvith each of these showed that 
none was entirely satisfactory'. Serial passage in broth 
yvas exceedingly time-consuming; tlie addition of serum 
and of trypsin produced a very high percentage of in- 
agglutinable suspensions. 

Exceedingly satisfactory suspensions for the agglutina- 
tion test yvere obtained if tlie cultures yvere incubated at a 
temperature beloyv 30° C., as suggested by- Ward and 
Rudd (6) but, under these conditions, groyvth of sufficient 
density developed very sloyvly. Usable suspensions have 
been secured yvithin a reasonable period of incubation in 
the following manner ; small tubes containing 2 to 3 cubic 
centimeters of tryptic digest broth (14) yvere inoculated 
with a large loopful of the organism to be studied, yvhich 
had been freshly transferred on blood agar plates. The 
tube yvas closed yvith a sterile rubber stopper, and in- 
cubated in a rotating box at room temperature for 15 to 
18 hours. Appro.ximately 90 per cent of all strains 
yielded suspensions satisfactory for the slide agglutination 
test by this method. 

A small number formed granular suspensions yvhen 
cultivated in this yvay. These can be improved by adding 
a drop of trypsin solution (Difeo) to the sediment and 
incubating for from IS to 60 minutes at 37° C. The 
preparation must be examined frequently and typing car- 
ried out as soon as the granularity has disappeared, as 
prolonged incubation increases the incidence of inag- 
glutinable suspensions. 

Considerable numbers of strains yvhich yvere untypable 
yvhen first studied were readily tv'ped after culthation 
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and storage for several weeks or even months in nutrient 
agar stabs with agar seal at 5° C. Some of these 
strains were inagglutinable on the first examination but 
most of them tended to show agglutination in sera of 
several different types. This was especially true of a 
large number of strains of Type 12 which also agglutinated 
in Type 13 serum and strains of Type 11 which ag- 
glutinated in Type 12 serum. Nearly all of these were 
entirely type specific when retyped after storage in the 
manner described above. This phenomenon is probably 
related to the development in storage of glossy variants 
which Lancefield (25) has proposed as most suitable 
for typing by the agglutination technique because of their 
simpler antigenic structure. 

b. Type sera. The typing sera used in this study were 
provided in crude undiluted form by the Lederle Labora- 
tories and were prepared in rabbits. The titer of each was 
determined by a simple method. Undiluted serum was 
added, drop by drop, to 2 cubic centimeters of normal 
saline until agglutination of the homologous type was just 
observed, and then approximately 25 per cent more serum 
was added. Each dilute serum was then tested against 
suspensions of known Griffith type strains of hemolytic 
streptococci. Those showing cross reactions required 
absorption. This was best accomplished by the use of 
a non-type-specific variant of one of the ordinary type 
strains. Griffith (7) has described a method for the 
preparation of such a variant by the growth of Type 3 
organisms upon agar containing homologous serum. Cer- 
tain strains of Group A, however, which had been main- 
tained on artificial culture media for a long period of 
time, showed colonies of more than one form when plated 
out. Suspensions prepared from a number of these 
usually yielded at least one which failed to agglutinate in 
the homologous serum. Such a strain was then cultured 
in large volumes of nutrient broth. After 18 hours of 
incubation the organisms were removed by centrifugation; 
those derived from 100 cubic centimeters were used for 
the absorption of 1 cubic centimeter of diluted serum. 
This operation was performed at 37® C. in a rotator. The 
serum was tested against agglutinating suspensions at 
hourly intervals and, when the cross reaction had been 
eliminated, the absorbing organisms were immediately 
removed in the centrifuge, the serum transferred to a 
sterile tube, and merthiolate added to a concentration of 1 
to 10,000. Following such absorption a few sera still 
showed cross reactions for certain types. These were 
eliminated by absorption in the manner described above, 
using organisms of the type with which crossing 
occurred. 

Much time was saved by preparing pools of sera of 
various types. It was advisable to combine in groups 
the sera for types among which cross agglutination oc- 
curred. Four sera selected in this way were mixed, 
diluted 1 to 2 and lightly absorbed with the organisms 
from 100 to 200 cubic centimeters of broth culture. Such 
pools, while not absolutely specific, usually limited the 
number of type sera required to 8 or less. 

c. The slide agglutination test. Two cubic centimeters 
of a broth culture prepared as described above were 


centrifuged and nearly all of the supernatant broth poured 
off. Drops of this thick suspension were placed with a 
platinum loop, 1.0 millimeter in diameter, upon a glass 
slide ruled into small squares by means of a wax pencil. 
The pooled sera were mixed with the drops of suspen- 
sion by means of a 32 gage Nichrome wire loop. Vs to % 
millimeter in diameter. The slide was rotated and then 
examined with a hand lens against a rather dark back- 
ground and agglutination was observed in one or more 
pools. The specific sera contained in these pools were 
then set up in exactly the same manner with the suspen- 
sions. 

This method has been most satisfactory and definite 
type specific agglutination was obtained with practically 
all of the typed strains. Repeated attempts were made to 
differentiate the several available strains of Types 4 and 
24 by agglutinin absorption of the Lederle sera and sera 
obtained from Dr. Griffith. It was in no case possible 
to distinguish between these two types and, for the pur- 
pose of this study, strains agglutinating in Types 4 and 24 
sera have been included in Type 4. 

The procedures described have permitted the accurate 
classification of from 80 to 95 per cent of all strains. 
The number of typable strains appeared to vary with the 
source of the material. 


SOURCE OF MATERIAL 

A brief description of the type of clinical material 
from which the strains of hemolytic streptococci described 
in this study were isolated is pertinent. 

Otitis Media. This group of 64 strains was isolated 
from materials obtained from the ears of children whose 
presenting complaint in the clinic, in nearly every instance, 
was referable to an infection of the middle ear or mastoid 
process. Many had a previous history of respiratory in- 
fection or sore throat, but none of scarlet fever. 

Nasopharynx. The 28 strains included in this group 
were isolated from individuals who were suffering, or had 
shortly before suffered, a typical attack of tonsillitis. 

Excised Tonsils. All tonsils excised in the clinic serv- 
ice of Stanford Hospitals since February, 1940, have been 
studied for the presence of hemolytic streptococci and the 
results described in detail elsewhere (17). All the Group 
A strains, which were isolated and typed by the methods 
described in this paper, have been included — 112 in a . 
Strains isolated during the months of February to Oc- 
tober, 1940, have been included under 1940, and those 
from October, 1940 to July, 1941, under 1941. 

Scarlet Fever. All of the cases of scarlet fever ad- 
mitted to the San Francisco Hospital from February, 19 
to July, 1941, were studied. Group A hemolytic strepto- 
cocci were recovered in IS of 17 cases. 

Miscellaneous. This group of 41 strains includes ^ 
isolated from various surgical infections, usually cellulitis 
of an extremity. Also included arc 3 obtained from t e 
spinal fluid of meningitis cases, 7 from cases of pneu- 
monia or acute bronchitis, 1 from puerperal sepsis and u 
cultured from the urine. 
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RESULTS 

The results obtained in the serological typing 
by the Griffith method of strains of hemolytic 
streptococci isolated from various sources in 148 
instances of hemolytic streptococcal infection and 
from the excised tonsils of 112 normal individuals 
are presented in Table II. 

No strains of Types 3, 8, 14, 18, 19, 22, 26, 28, 
29, or 30 were isolated. Types 7, 16, 20, and 21 
are not members of Group A (14). The data 
presented under five headings based on the source 
of material, and the percentage values are calcu- 
lated for each division separately. Totals are 
presented for 1940 and 1941 separately and com- 
bined with percentages calculated for each year 
and, in the last instance, for all strains. 

Seasoml variations in types. Striking seasonal 
variations in the isolated types were noted. Types 
1 and 2, which included 20.6 per cent of the iso- 
lated strains in 1940, were found in only 6,2 per 
cent of cases in 1941. Types 6 and 11 were more 
common in 1941, but two common types, 12 and 
25, showed little variation in total number during 
the two seasons. 

If the data for the 2 years are studied sep- 
arately in relation to the source, which has been 
done but not included in the table, it is found 


that Types 1 and 2, which were isolated from 31 
per cent of cases of clinical infection in 1940, 
were present in only about 2 per cent in 1941. 
Practically all of the examples of these two types 
in 1941 were recovered from excised tonsils, 
where they had probably been resident since the 
previous season. Types 12 and 25 each occurred 
about twice, and Type 6 about 10 times as fre- 
quently in infectious states in 1941 as in 1940. 

These variations are not nearly so striking if 
the strains from excised tonsils are considered for 
the 2 years. Types 1 and 2 appear only about 
one-third as frequently in 1941, but most of the 
other types were present in numbers of about the 
same order of magnitude in each year. Type 12 
was present much less often in the tonsils in 
1941, though more often a cause of infection than 
in the previous year. 

Relationship of serological type to source of 
material. An examination of the composite data 
for the 2 years included in this study shows that 
the type distribution in strains from various 
sources is quite similar with a few notable ex- 
ceptions. If the strains from otitis media, mas- 
toiditis and tonsillitis be included together as ex- 
amples of infection of the nasopharynx and its 
complications, and if the type distribution of the 


TABLE II 


Distribution of Griffith types amon% strains of Group A hemolytic streptococci isolated in the San Francisco area 


Source 

Num* 
ber of 
strains 








Griffith types 
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No 

typ« 

I 

2 

4 

s 

6 

9 

30 

1 ” 

12 

1 

13 

15 i 

17 

23 

25 

1 

Otitis media 

64 

Number 

5 

8 

3 

1 

5 


1 

2 

9 


2 


1 

22 

■ 

Bi 



Per cent 

7.8 

12.5 

4.7 

1.6 

7.8 


1.6 


14.1 


3.1 


1.6 

34.3 

m 

m 

Nasopharynx 

29 

Number 

3 

3 

3 


1 


1 


3 




4 

4 

1 

6 



Per cent 

10.4 

10.4 

10.4 


! 3.4 

1 


3.4 


10.4: 




13.8 

13.8 

3.4 

20.6 

Miscellaneous 

41 

I Number 

3 


1 

3 

H 

1 



7 

1 

1 1 

1 


5 

3 

8 



Per cent 

7.6 

m 

2.4 

7.6 

m 

2.4 



17.1 

2.4 

2,4 

2.4; 

m 

12.2 

7.6 

19.5 

Excised tonsils 

112 

Number j 

7 

19 

10 

1 

3 

■ 

1 

3 i 

IS 


III 

B 

2 

IS i 

3 

22 



Per cent 

6.2 

17.0 

8.8 

0.9 

m 

■ 

0.9 

2.6j 

13.4; 



B 

1.7 

13.4 

2.6 

19.6 

Scarlet fever — 1941 . . . . 

IS 

Number 


n 



■ 

B 

i 

6 


B 

^B 

■ 

1 

4 i 


' 2 



Per cent 


m 


■ 

■ 

B 


40.0 


B 

B 

B 

6.7 

26.5 


13.4 

Total— 1940 

147 

Number 

17 

28 

n 

2 

2 

B 

2 

1 

20 

2 

3 

1 

4 

30 

6 

20 

Oanuary to December) 


Per cent 

11.6 

19.0 

m 

m 

1.4 

B 

1.4 

0.7 

13.6 

1.4 

2.0 

0.7 

2.7 

20.3 

4.1 

13.6 

Total— 1941 

113 

Number 

1 

m 

8 

3 

9 

1 


10 

WK 

7 

4 


6 

21 

H 


(January to July) 


Per cent 

0.9 


7.1 

2.6 

7.9 

0.9 


8.7 

m 

6.2 

3.5 


5.3 

18.6 

m 


Total— 1940 and 1941. . 
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34 
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1 

2 

11 
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9 
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1 

m 

51 

9 
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0.8 
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7 most frequent types be compared with that for 
the same types isolated from a group of infec- 
tions, most of which are “surgical” in nature 
(Table III), it will be noted that, except for 
Type 25, the percentage incidence of the types in 
each group is very similar. The distribution of 
strains from excised tonsils is included in this 
table and shows a similar pattern in most instances. 


TABLE III 

Percentage of seven most common types in 
San Francisco by source 


Source 

t 

Num- 
ber of 
strains 

Griffith types ! 

! 

Total 

1 

2 

4 

6 

12 

23 

2S 

Otitis media and ton- 
sillitis 

74 

7.8 

10.6 

5.8 

5.8 

11.6 

• ■ 1 

4.9 

2S.0 

71.S 

Surgical infections .... 

41 

7.6 

7.6 

2.4 

4.9 : 

1 

17.1 

4.9 

12.2 

S6.7 

Excised tonsils j 

112 

6.2 

17.0 

8.8 

2.6 

13.4 

1 

1.7 

13.4 

63.1 


The frequency with which Type 25 has been 
isolated from cases of otitis media during, this 
survey is most striking. It is also important to 
note that it predominates in this manner only 
among the strains isolated from this disease. 

Too small a number of examples of the various 
types of hemolytic streptococcal disease have been 
studied to draw conclusions in regard to the rela- 
tionship of type to any of the other manifesta- 
tions of infection due to this organism. It is 
worthwhile, however, to note that, in 3 cases 
associated with bacteremia, Types 1, 5, and 6 were 
involved, and that Type 5 was responsible for 
the 2 cases of meningitis studied. This type, 
while exceedingly uncommon, was therefore iso- 
lated from 3 of the 5 most seriously ill patients. 

Relationship of source to typability. All of the 
strains of hemolytic streptococci described have 
been studied by identical methods and approxi- 
mately the same incidence of untypable strains 
was found in the various groups, except those 
derived from ear and mastoid infections in which 
only 5 per cent were not classified as contrasted 
with about 20 per cent of all other strains. This 
very marked difference cannot be explained. It 
may be that more highly invasive strains lend 
themselves to typing more readily because of anti- 
genic changes in the organism, or that these 
strains simply happen to be members of the de- 
scribed Griffith types more frequently than strains 
from other sources in the San Francisco area. 


DISCUSSION 

Technical difficulties, which may be larg 
avoided by procedures similar to those descril 
in this paper, have prevented the widespread : 
plication of the Griffith method for the serologi 
classification into types of hemolytic streptoco 
of the Lancefield Group A. This is unfortun; 
since these types have the same application in 1 
study of hemolytic streptococcal infections tl 
pneumococcal typing offered in the investigati 
of infections due to these organisms. 

From the data presented in this paper and frc 
those of other workers, certain definite fa^ 
emerge. Recovery from Group A hemolytic stn 
tococcal infections is associated with the develc 
ment in the host of type specific antibodies. I 
small group of types is responsible for scar 
fever throughout the world, but there is adequ: 
evidence that in any community the same tyf 
are regularly responsible for this disease, the in 
dence of individual types varying from year 
year. It is not possible to determine at prese 
why these variations should occur. It may be d 
either to shifting immunity in the potential he 
population, or to changes in the invasiveness 
the organism in association with the production 
infection. Coburn and Pauli (26) have studi 
certain aspects of the latter hypothesis and U 
that recovery from infection of the nasopharyi 
in adults, but not in children, is associated wi 
loss of infectiveness on the part of the hemolyt 
streptococcus. This work is entirely unconfirme 

The same types responsible for scarlet fev 
may cause tonsillitis without rash. This importa 
observation has finally settled the question as 
the presence of a specific "scarlet fever strept 
coccus.” It is obvious that the most importa 
factor governing the production of the two di 
eases is the state of antitoxic immunity in tl 
individual at the onset of the infection. Th 
important differences in the nature of the o 
ganism must also exist is suggested by the nume 
ous instances in which hemolytic streptococc 
phar^mgitis without rash has occurred one or rno 
times in individuals who have later acquire 
scarlet fever. 

Hemolytic streptococci of the types common 
responsible for scarlet fever may also cause su 
gical infections, but in most of the previous stu » 
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they have not predominated as etiological agents 
in the latter conditions. It is of interest to point 
out that, among the strains described in this paper, 
the incidence of t)'pes in surgical and respirator)' 
infections was similar. This was also true among 
strains collected in the Boston area (27). 

In the United States, therefore, hemolytic strep- 
tococcal infections, regardless of the site of the 
disease process, are caused by similar small groups 
of t)'pes. Instances of sporadic infection due to 
t}'pes of streptococci not at that time commonly 
causing infection appear to be no more common 
among the group of “surgical” than among the 
respirator)' infections. 

The strains of streptococci isolated from the 
excised tonsils of healthy persons do not, season 
by season, mirror exactly the distribution of types 
responsible for infections during the same interv'al. 
This is to be expected since streptococci that have 
gained residence within the tonsils tend to remain 
there for long periods of time (17), so that 
strains collected from this source will be partly 
the residue of previous seasons and partly the 
result of invasion by types currently common in 
disease states. It seems almost certain that the 
tonsils of such carriers must be the reservoir 
from which infection spreads out into the com- 
munity each season. 

Many of the suppurative complications asso- 
ciated with and following hemolytic streptococcal 
pharyngitis and scarlet fever have been shown to 
be caused by reinfection with a type of strepto- 
coccus different from that present at the onset of 
the diseaise. This is particularly true of compli- 
cations arising after the first week of the illness. 

Some evidence exists that strains of different 
types vary in their virulence for mice and their 
toxigenicity. That certain types are more invasive 
in man is suggested by the fact that a few cause 
most of the clinical infections in the community, 
though many others may be demonstrated to be 
present in the throats of healthy carriers. It is 
also clear that some types are more apt to pro- 
duce severe disease or to prepare the soil for 
complications involving cross infection by a strep- 
tococcus of another type. This is well demon- 
strated by the work of de Waal, and is sug- 
gested by the frequency with which Type 25 has 
been isolated from otitis media in this sun'ey. Of 


strains isolated from examples of this infection, 
this type was obsen'ed more than twice as fre- 
quently as were the strains of any other type. 
It is also important to note that Type 25 pre- 
dominates in this manner only in this disease, 
suggesting that it was more likely to produce com- 
plications after invading the nasopharynx than the 
other ty'pes. It is possible that Type 25 -was more 
commonly present in the community than the 
data obtained in this study indicate. This impres- 
sion is supported in part by the fact that several 
of the small series of scarlet fever strains were 
members of Type 25. If this were so, then the 
other common scarlet fever type might have been 
expected to have appeared as a frequent cause of 
otitis media, which is not the case. This evidence, 
then, strongly suggests that strains of Type 25 
were more actively invasive than those of other 
ty’pes and have continued to be so over a 2-year 
period. 

Whether this enhanced pathogenicity is a per- 
manent property of strains of certain ty'pes cannot 
yet be determined but it is extremely unlikely that 
any will prove to be consistently more virulent 
over wide geographic areas. 

Such variations in the type and severity of dis- 
ease, if confirmed and extended, might be of great 
value in determining prognosis and therapy of 
streptococcal infections. No definite evidence is 
available as yet bearing on the relationship of the 
serological type of hemol)'tic streptococcus to 
treatment with sulfonamides, but preliminary ob- 
servations (28) suggest that there may not be any 
real differences in this respect among infections 
caused by the various types. 

It has been possible to prepare satisfactory anti- 
toxic antisera for the treatment of scarlet fever 
and other infections caused by the hemolytic 
streptococcus, since these substances are not re- 
lated to serological type. Any sort of useful 
antibacterial antibody must, however, be type spe- 
cific. For this reason it has been proposed (23) 
that convalescent scarlet fever sera be collected in 
type specific pools, the etiological organisms being 
typed before serum is administered. Such a 
method would be feasible because only a small 
number of ty'pes are isolated from cases of this 
disease during any season. Such sera would be of 
low antibody titer and their clinical value could be 
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determined only by trial. Suitable sera could 
probably be prepared in animals. 

The importance of the application of serological 
typing to the study of the epidemiology of hemo- 
lytic streptococcal infections is obvious. The 
work of Colebrook (11) has shown the importance 
of carriers in the introduction of infection in the 
puerperal state, and Miles (18) has demonstrated 
that wound infections spread from patient to pa- 
tient in the hospital ward and has indicated the 
role of attendants in this process. The importance 
of reinfection with new types in the development 
of complications in scarlet fever wards has been 
commented upon, and indicates the necessity for 
the isolation of such cases in wards according to 
the type of infecting streptococcus. 

The study of epidemics of streptococcal infec- 
tions by serological typing of the infecting organ- 
isms may lead to their more rapid control and to 
constructive plans for their prevention. This will 
be particularly important during war conditions 
when large groups of injured men will be concen- 
trated in hospitals. 

Much has been contributed to an understanding 
of hemolytic streptococcal infection by the appli- 
cation of serological typing but many questions 
remain unanswered. Most of these pertain to 
the relationship of the type of infecting organism 
to the nature, severity, prognosis, and response to 
therapy of the clinical disease. It is to be hoped 
that a widespread adoption of this method will 
soon lead to a further understanding of these com- 
mon and often serious infections. 

SUMMARY 

1. Hemolytic streptococci of the Lancefield 
Group A may be readily classified by the agglutina- 
tion method of Griffith. 

2. Modifications of this method are presented 
which increase its reliability. 

3. Data obtained by the application of these 
methods to strains of hemolytic streptococci iso- 
lated from 260 individuals are presented. One 
hundred and forty-eight of these were suffering 
from active infections; 112 were healthy carriers. 

4. These data indicate that: 

a. Hemolytic streptococci of a small number of 
types are responsible for nearly all of the infec- 
tions in any season in San Francisco. 


h. The same types do not predominate in every 
season. 

c. The types predominating in respiratory infec- 
tions are also those most commonly isolated from 
“surgical” infections and from the excised tonsils. 

d. Type 25 was isolated more than twice as fre- 
quently from cases of otitis media than any other 
type and therefore appears to have been more in- 
vasive during this 2-year period than other types. 

e. Strains from middle ear infections were more 
readily typable than those from other sources. 

5. These observations are compared with those 
obtained by other workers and their significance is 
discussed. 

I am grateful to the Lederle Laboratories, who sup- 
plied generous amounts of type specific rabbit serum, and 
to Dr. F. W. Griffith, who also supplied serums for cer- 
tain types. 
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The relation of cardiac output, blood and inter- 
stitial fluid volumes, plasma protein concentration, 
and kidney function in heart failure is still a sub- 
ject of investigation. The majority of investi- 
gators in this country (1, 2) and in England (3, 
4) have believed that the fundamental factor in 
heart failure is a diminished cardiac output for a 
given diastolic size against a given resistance, and 
that increase in venous pressure and blood volume 
are secondary phenomena, although themselves re- 
sponsible for many of the symptoms of heart fail- 
ure. Diminished cardiac output would first be 
manifested by failure to meet the oxygen require- 
ments of the body during exercise, and only in 
extreme cases by a subnormal cardiac output at 
rest. Thus, measurements of cardiac output at 
rest would only be below normal in patients who 
showed symptoms of heart failure at rest. Since, 
however, even in this group Harrison (5) found 
the average values for cardiac output, as well as 
the range, similar to those in the compensated 
group, he concluded that diminished cardiac output 
was not an important factor in cardiac failure and 
developed his “Backward Failure” theory, attrib- 
uting the major phenomenon of cardiac failure to 
increased venous pressure proximal to the failing 
(but still normally working) chamber. 

The oliguria and nitrogen retention of cardiac 
failure are attributed to passive congestion by Har- 
rison (6) and to “extrarenal” deviation of water 
by Fishberg (7). Neither of these explanations 
IS satisfactory. Increase in renal venous pressure 
only results in oliguria when renal blood flow is 
reduced. If blood flow is unchanged, increase in 
renal venous pressure results in diuresis (8). If 
the oliguria is due to diminished water available 


for excretion, this must be caused either by reduc- 
tion in renal blood flow or increase in plasma pro- 
tein concentration. The latter is contrary to 
observation. 

Because of the complexities of cardiac failure, 
and adventitious phenomena such as elevation in 
metabolic rate, psychic disturbances, etc., it would 
seem that data obtained on the same patient when 
in failure and when compensated are more readily 
interpreted than statistical conclusions on different 
groups. Stewart and Cohn ( 1 ) studied the effect 
of digitalis in this way and found an increase in 
cardiac output and decrease in heart size with 
compensation. Friedman, Clark, Resnik, and 
Harrison (5) found no consistent change in car- 
diac output, stroke volume, arteriovenous oxygen 
difference, or basal metabolic rate with clinical im- 
provement. Grollman’s acetylene method (9) was 
employed in both investigations to measure cardiac 
output. 

The present report concerns measurements of 
cardiac output, blood volume, interstitial fluid vol- 
ume, plasma proteins, renal function, and other 
aspects of the circulation in a small group of pa- 
tients when suffering from cardiac failure and 
again after restoration of compensation. 

The patients all had definite congestive heart 
failure due to hypertensive or arteriosclerotic heart 
disease. Patients with aortic insufficiency or au- 
ricular fibrillation were not considered suitable for 
this study because of the method employed for es- 
timating cardiac output. The first series of obser- 
vations was made as soon as possible after admis- 
sion before treatment, save for indicated sedatives 
and hypnotics. Estimations of cardiac output un- 
der standard conditions of bed rest and no food 
for fourteen hours were made on one morning, 
followed by estimations of blood and interstitial 


* The expenses of this investigation were defrayed by a 
Brant from the Commonwealth Fund. 
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fluid volumes, etc. The following day measure- 
ments of kidney function were carried out. The 
patient was then given full doses of digitalis and, 
if necessary, additional diuretics, and the observa- 
tions were repeated when the subject was free 
from edema and other symptoms and was at rest 
or up and about the ward. 

The data are presented under three headings ; I. 
Cardiac output, blood pressure, and venous pres- 
sure. II. Blood and interstitial fluid volume, 
plasma protein concentration, and total circulating 
plasma proteins. III. Kidney function. 


/. Cardiac output 

In order to avoid the necessity of the patient’s 
cooperation and the uncertainty of obtaining equi- 
librium in a bag-lung system before re-circulation, 
cardiac output was estimated by Bazett’s method 
(10). While the constants utilized are empirically 
derived, the cardiac index of normal individuals 
by this method checks closely with the acetylene 
method which gives a value of 2.2 rt 0.3 for nor- 
mal subjects under basal conditions. Since the 
same values for aortic area and artery length were 
used for calculation of output before and after 
compensation, an error in these might affect the 
absolute, but not the relative values. 

Bazett’s method is based on von Reckling- 
hausen’s principle that “the volume of blood leav- 
ing the arterial tree, and the distensibility of the 
system are the sole determinants of the fall in 
pressure in diastole.” Since the blood leaving the 
arterial tree in the “systolic” period should be re- 
lated to that leaving in diastole, according to the 
relative pressures in and the relative duration of 
these periods, calculation of the volume leaving in 
the systolic period is possible (10) if we accept 
the data of Whittaker and Winton (11). The 
total volume or stroke volume is then easily 
obtained. 


1 . 

2 . 

3. 

4. 

5. 


Vd (blood leaving in diastole) 


12.7 

100 


X Z-D X 




Vs (blood leaving in systole) = Fd X 4 X ^ 

d Md — 20 

Vt (stroke volume) = Vd 

C.O. (cardiac output) = Vt X pulse rate 


C.I. (cardiac index) = 

O.A. 


In these formulae, the following representations exist: 
Z = dicrotic pressure ; D = diastolic pressure ; F‘, F’, 


etc. — vessel volumes assumed by calculations from sur, 
face area and aortic areas ; v„ v„ etc. = pulse velocities 
for the corresponding volume sections ; j and d are “sys- 
tolic” and “diastolic” periods ; Ms and Md represent the 
mean pressures of the respective s and d periods.® 

To obtain S, Z, and D pressures, a one- or three-bag 
compression system recording optically was first used. At 
these pressures, various criteria became apparent on the 
recorded volume brachial pulse curve. The value assigned 
to Z was calculated from the ratio of the heights of 
perpendiculars from the point of maximum elevation and 
from the top of the dicrotic notch. Later, in order to 
record more accurately all pressures, the bag-compression 
system was replaced by direct brachial arterial puncture 
under local anesthesia with a Gregg (12) needle optical 
manometer. A short number 22 needle was employed. 
That this arterial puncture did not disturb the patients 
is attested to by the fact that pulse rates taken during the 
procedure showed no, or only very slight, elevation over 
those recorded during the taking of pulse wave velocities. 

Vessel volumes F’, F’, etc., were computed from for- 
mulae utilizing Bazett’s graph of aortic area, surface area, 
and height. Weights used were taken in the edema-free 
state and used in all calculations of output on the same 
patient. 

For recording pulse wave velocities v^, v^, etc., simple 
cup or glycerine tambours were held or fastened over the 
appropriate vessels and cardiac area. Each tambour was 
connected by equal length rubber tubing to segment cap- 
sules held in an Everbach triple segment capsule holder, 
avoiding parallax. Projection distance from capsules to 
recording camera was 1.25 to 1.5 meters. The actual dis- 
tances traveled between tambours on the vessels were 
calculated by use of other predetermined constants (10). 

Since the accuracy of the method depends considerably 
on the identification in the records of the start of ven- 
tricular discharge, heart sounds were substituted for 
sternal pulsations, but recordings of the electrocardiogram, 
apex beat, and heart sounds simultaneously with the sub- 
clavian pulse were made in many instances. The difficulty 
of denoting time of ejection is great, but the same criteria 
in the same patient were used at all times, although these 
varied in configuration among the individual patients. 

The “diastolic” period was measured from the top of 
the dicrotic wave to the end of the pulse cycle; the rest 
was considered systolic. 

Mean pressures were calculated from the brachial pres- 
sure curves by weighing or by use of a planimeter. AH 
pressures recorded represent the mean of from 6 to 54 
determinations, the greater number being those of the 
pressure pulses derived from direct arterial puncture. 
Pulse wave velocities are expressed as means of from 5 
to 10 determinations. 

Venous pressures were determined by using the method 
and auricular reference point of Lyons, Kennedy, and 
Burwell (13). 

~ It is advised that for full consideration in the use of 
this method Bazett’s original paper be consulted. 
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TABLE I 


Comparison of cardiac output estimated by Basell’s method and by acetylene method, 
and agreement of Bazelt’s method on different days 


Patient 

Age 

B 

5 

z 

D 

Z-D 

1 

1 

A/.P. 

PV, 

PVi 

PV, 

B 

C.O. 

C.I. 

R 

Acetylene 

Dale 

Hi 

C.O. 

C.I. 

1. 

25 

51 

102 

76 

51 

25 

75 : 

1 

1 

1 

3.5 

5.9 

4.4 

85 

4.3 

2.3 

98 

4.6 

2.4 

September 11, 1939 

1.92 

2. 

27 

60 

1 

1 

115 

1 

97 

61 

36 

78 

4.8 j 

! 

5.2 

7.6 1 

86 

5.2 

2.3 

102 

B 

2.5 

I 

October 21, 1939 

2.25 

3. 

28 

60 

111 

97 

69 

28 

92 

5.0 j 

4.7 

7.3 

67 

4.0 

2.3 

120 

4.0 

2.3 

September 22, 1939 

1.74 


62 

94 

76 

51 

24 

76 

4.2 

4.0 

5,5 

59 

3.6 

2.1 

109 

4.0 

2.3 

4. 

45 

76 

116 

77 

58 

19 

79 

5.0 

j 

5.7 

7.0 

41 

3.1 

2.1 

113 


February 12, 1941 

1.55 

s. i 

17 

81 

136 

92 

77 

15 

99 

5.3 

5.2 

6.5 

1 

38 

3.1 

1.8 

i 

165 

[ 


April 10, 1941 

1.76 

April 23, 1941 

wm 

81 1 

139 

100 

81 

19 

101 

! 5.0 

m 

5.8 

40 

3.3 

1.9 

160 


May 3, 1941 


81 

134 

94 

77 

17 

97 

4.5 

5.3 

6.3 

40 

3.3 

1-? 

153 


6. 

28 

67 

110 

93 

71 

22 

95 

4.0 

6.8 

i 

49 

3.3 

m 

140 


November 1, 1939 

1.67 

November 5, 1939 


65 

104 

95 

66 

29 

90 

3.7 

6.8 

7.8 

48 

mi 

1.9 

142 


January 12, 1940 


59 

104 

90 

64 

26 

86 

3.5 

5.3 

6.5 

57 

3.4 

2.0 

129 


May I, 1940 


61 




25 

88 

' 3.9 




a 


165 



The following abbreviations are used in this and subsequent tables: S.A. = surface area in square meters; P = pulse 
rate per minute; S = systolic blood pressure in mm Hg; Z = dicrotic blood pressure: D = diastolic blood pressure; 
M.P. = mean blood pressure; PTi = pulse wave velocity heart to subclavian arte^; PVj = pulse wave velocity heart 
to femoral artery — PVi', PVi ~ pulse wave velocity subclavian to brachial arteries; S.V. = stroke volume in cc. per 
beat; C.O. = cardiac output in liters per minute; C.I. = cardiac index, liters per square meter; R — effective peripheral re- 
sistance in arbitrary units. 


Although this method of measuring cardiac out- 
put is physiological in its principles, it is entirely 
empirical in its application as all constants used 
have been adjusted by Bazett to give good agree- 
ment in normal subjects with values of cardiac out- 
put determined simultaneously with acetylene. 
The results in our hands on normal adults are 
shown in Table I. The table also shows the agree- 
ment in estimated cardiac output in two subjects 
on different days and in the last subject at longer 
intervals. 

Three patients with thyrotoxicosis were also 
studied before and after thyroidectomy to test the 
method’s ability to detect changes known to occur 


in this disease (9). These data are presented in 
Table II. Values of cardiac output were all above 
normal during the active phase of the syndrome, 
the elevation being dependent upon the tachycardia 
as the stroke volume remained the same. 

The data from the six cardiac patients are given 
in Table III. All of the six patients showed sig- 
nificant reductions in stroke volume and minute 
output while in failure. The pulse rates were all 
faster during failure, but in only one was the rate 
above 90. 

From the data in Table III, the mechanism of 
the reduced output in failure is evident. While 
the pressure difference in the d period {Z-D) wzs 
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TABLE 11 

Estimations of cardiac output before and after thyroidectomy for hyperthyroidism 


Patient 



5 


D 


PVi 

1 

D 

PVz 

s.v. 

C.O. 

C.l. 

R 

BMR 

Age 




1 

1. 

Before 

107 

103 

93 

73 

20 

4.6 

5.2 

6.6 

49 

5.3 

3.3 

89 

+54 

22 

After 

73 

135 

98 

73 

25 

4.6 

4.9 

5.3 

50 

3.7 

2.3 

126 

+ 6 

2. 

Before 

97 

115 

79 

60 

19 

4.5 

6.9 

7.3 

1 

46 

4.5 

3.0 

81 

+42 

49 

After 

68 

129 

98 

72 

26 

4.7 

6.2 

9.1 

46 

3.1 

2.1 

136 

+15 

3. 

Before 

124 

114 

76 

61 

15 

4.6 

5.1 

6.8 

40 

5.0 

2.9 

86 

+60 

30 

After 

77 

123 

85 

67 

18 

4.5 

6.2 

7.5 

38 

2.9 

1.7 

159 

+ s 


BMR = basal metabolic rate. 


somewhat reduced in all but Patient 1, the major 
change occurred in the pulse wave velocities, which 
were uniformly increased during failure.® Veloci- 
ties after recovery became slower in both the 
larger and smaller vessels. 

The blood pressure changes are of interest. In 
all but Patient 3, the diastolic pressures were lower 
after recovery. Systolic pressures likewise fell in 
four, but rose in two. Since the mean pressure 
is determined by the cardiac output and the mean 

® Except for PV^ in Patient 2, the difference in velocity 
during and after failure is at least seven times the stand- 
ard error of the difference. 


peripheral resistance, this latter may be calculated 
from the relation of mean pressure to cardiac 
index 

If 7C be assigned an arbitrary value of 3, the values 
for normal young adults range from 80 to 120 
(10). The calculated effective resistances were 
much increased in failure compared to their re- 
covery levels. The decrease in cardiac output and 
the increase in mean pressure both contribute to 
the increase in the ratio. 


TABLE III 

Changes in pulse rate, blood pressure, and cardiac output during congestive heart failure a7id after recovery of compensation 


Patient 


P 

5 

z 

D 

MP 

Z-D 

PVi 

PVi 

PV, 

s.v. 

C.O. 

C.l. 

R 

V.P. 

Age 

1. F. T. 

Before 

80 

240 

205 

144 

168 

61 

9.6 

17.3 

16.9 

28 

2.3 

1.3 

455 


66 

1 

After 

59 

172 

143 

83 

128 

62 

4.8 

12.0 

12.0 

66 

3.9 

2.3 

170 

10 

2. P. K. 

Before 

74 

151 

113 

81 

109 

32 

5.2 

10.9 

10.8 

39 

2.9 

1.6 

206 

35 

70 

After 

54 

141 

110 

70 

100 

40 

la 

10.9 

8.6 

71 

3.9 

2.1 

144 

7 

3. J.F. 

Before 

84 

151 

125 

87 

121 

38 

8.4 

10.1 

12.1 

30 

2.5 

1.6 

232 


72 

After 

70 

179 

138 

85 

125 

53 

6.1 

8.1 

10.4 

50 


2.2 

173 

7 

4. W. T. 

Before 

81 

163 

142 

111 

140 

31 

4.8 

9.8 

15.8 

34 

B 

1.8 

240 

25 

50 

After 

64 

135 

118 

83 

108 

35 

3.8 

6.6 

9.0 

57 

3.6 

2.4 

137 

6 

5. M. A. 

Before 

97 

147 

126 

102 

123 

24 

5.9 

9.7 

8.7 

33 

3.1 

1.7 

190 

26 

70 

After 

82 

125 

104 

77 

101 

27 

5.2 

7.0 

m 

47 

3.9 


138 

12 

6. J. Y. 

Before 

81 

136 

108 

78 

101 

30 

8.8 

m 

10.0 

26 

2.1 

B 

234 


65 

After 

63 

145 

94 

56 

84 

i 38 

1 

6.3 

5.9 

7.0 

61 

3.9 

2.4 

105 j 



V.P. = venous pressure in cm. saline. 
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Venous pressures were markedly elevated dur- 
ing failure in all patients, and in those in whom 
circulation times were done these were likewise 
prolonged. The size of the heart was larger dur- 
ing failure in the four patients who had x-ray stud- 
ies before and after failure. 

In this group of patients, cardiac insufficiency 
was manifested by marked reduction in stroke 
volumes and significant decreases in the total 
minute discharge in spite of higher pulse rates. 
These changes have been calculated from the data 
of peripheral phenomena accompanying this state. 
The total “run-off” of blood from the arterial tree 
was less in failure in spite of higher blood pres- 
sures. This is reflected in the reduced elasticity 
of the larger central and peripheral arteries which 
are more distended at the higher pressures and in 
the lower effective pressure head in the d period 
(Z-Z>) (14). 

That peripheral vasoconstriction was present 
must be inferred since both diastolic pressures and 
the effective peripheral resistances (i?) were 
higher during failure. This vasoconstriction 
would actually reduce the total arterial cross- 
sectional area in spite of distention of the large 
arterial trunks. 

Although the volume of blood discharged per 
beat was lower during failure and was uncom- 
pensated by a rise in pulse rate, the total volume 
of blood in the vascular system was greater (see 
Section II). With reduced capacity of the total 
arterial tree, this excess volume must have been 
accommodated within the venous system. 

It seems improbable that sufficient blood could 
be transferred to the distensible venous system 
(15) by arteriolar constriction to account for the 
elevated venous pressures during failure if blood 
volume were normal. The increased blood vol- 
ume, rather than redistribution of a constant vol- 
ume of blood, would seem to be the major factor 
in producing the elevated venous pressure (16). 
This hypothesis is supported by another patient 
with coronary occlusion and minimal congestive 
failure who showed no change in venous pressure 
or in blood volume with improvement. At the 
first determination her cardiac index was 1.65, 
peripheral resistance 167, and venous pressure 12 
cm. of saline. After improvement, her cardiac 
index was 2.2, peripheral resistance 130, and 
venous pressure 14 cm. saline. 


These findings are consistent with Harrison’s 
assignment of the s}TOptoms of congestive failure 
to increased ventricular diastolic resistance, lead- 
ing to retrograde stasis. Such increased ventricu- 
lar resistance can only be due to pericardial ad- 
hesions, incomplete diastolic relaxation, or to blood 
remaining in the ventricle from incomplete empty- 
ing. There is no evidence for the first trvo of 
these. Our findings differ from Harrison’s in the 
consistency of a diminished cardiac output during 
failure. 

11. Variations in blood and extracellular fluid 
volumes and in plasma proteins 

It has been shown by several investigators (17 
to 25) that the majority of patients in cardiac 
failure have a reduced quantity of protein per unit 
volume of serum. Of 261 cases culled from the 
literature and other sources, 212, or 81.2 per cent, 
showed a total serum protein of less than 6.6 
grams per 100 cubic centimeters, with a mean 
total serum protein of 5.67 grams per 100 cc. 
The reduction is due almost exclusively to a drop 
in serum albumin ; of 127 cases in which the pro- 
tein fractions were determined (17, 19, 20, 21, 
22, 25), 117, or 92.6 per cent, showed a serum 
albumin of less than 4.6 grams with a mean serum 
albumin concentration of 3.41 grams per 100 cc. 

Three primary factors could be responsible for 
a reduction of serum protein: inadequate protein 
intake, excessive protein loss, and failure of pro- 
tein i^nthesis (26). All three of these may oper- 
ate in cardiac failure. Furthermore, it has never 
been shown whether the reduction of serum al- 
bumin in cardiac failure is real or only apparent 
since an increase in serum volume regularly oc- 
curs in this condition (27) with possible dilution 
of serum protein. Patients who are suffering 
from their first bout of cardiac failure and who 
have been eating ordinary' diets do not usually 
experience a prolonged anorexia preceding failure, 
so that inadequate protein intake would seem im- 
probable as a major cause of hypoproteinemia ; 
the same thought holds for impairment of protein 
synthesis. The loss of protein in the urine of 
these patients is usually slight. Two other possi- 
bilities remain: loss of protein into tissue spaces, 
and blood dilution. Attention was therefore 
directed toward these rtvo factors. 
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The following determinations were made on 
each patient during the phase of cardiac failure 
and at maximal recovery: total blood volume, 
serum volume, interstitial fluid volume, hemato- 
crit, serum proteins, and edema fluid proteins. 

Total blood volume and serum volume Were determined 
by the Evans Blue dye method as modified by Gibson and 
Evans (28). A Pulfrich photometer with an S-62 filter 
and a cell 1 cm. thick was used for estimations of the 
concentration of dye in the serum. 

Extracellular fluid volume was determined by the thio- 
cyanate method of Lavietes et al. (29). Potassium thio- 
cyanate was given by mouth twenty-four hours before 
the determination. The concentration of thiocyanate in 
serum was determined with a Pulfrich photometer, using 
an S-47 filter and a cell 1 cm. thick. In most instances, 
the concentration of thiocyanate in extracellular fluid 
itself was also determined. 

Hematocrits were determined in the Wintrobe tube, 
using either heparin or a mixture of ammonium and 
potassium oxalate, 2 mgm. per 1 cc. of blood, as anti- 
coagulant, and centrifuged until the volume of cells was 
constant. Serum proteins were determined by Robinson’s 
modification (30) of Howe’s micromethod. Extracellular 
fluid proteins were determined in the same way. All 


specimens were done in triplicate. Extracellular fluid 
was obtained by means of Southey tubes. All blood was 
taken under oil and without stasis. 

The data are given in Table IV. In all patients, 
total blood and serum volume values were in- 
creased during cardiac failure, the mean change in 
total blood volume with compensation being 1.15 
liters, or 25.0 per cent. Gibson and Evans (27), 
studying a similar group of patients, found a 
mean increase of 22.3 per cent. They found that 
in extreme decompensation the mean increase was 
55.3 per cent; but among these the distribution 
was very wide, eight out of fourteen showing an 
increase in blood volume of less than 35 per cent. 
In Gibson and Evans’ series, red cells and serum 
participated equally in the increase, but this was 
not so in our cases since four out of six showed 
a considerable rise in hematocrit with compensa- 
tion, and the increase of serum volume in failure 
was relatively much greater than total blood vol- 
ume, averaging 0.92 liter, or 35 per cent. Blood 
volumes in the compensated phase were normal 


TABLE IV 

Summary of data on cases 


Case j 

Weight 

Blood 

volume 

Serum 

volume 

Total 
extracel- 
lular fluid 

Serum 

total 

protein 

Serum 

albumin 

Serum 

globulin 

Edema 

fluid 

protein 

Hematocrit 

1. F. T. Onset 

Recovery 

kgm. 

81.4 

70.0 

imi 

tilers 

3.82 

3.20 

liters 

31.8 

16.9 

grams 
per cent 

6.98 

7.00 

4.26 

3.69 

2.72 

3.31 

0.18 

42 

40 

Difference 

11.4 

-1.30 

-0.62 

-14.9 

-f .02 

-0.57 

4-0.59 



2. P. K. Onset 

Recovery 

87.0 

75.5 

5.88 

5.43 

3.88 

3.04 

32.9 

21.7 

6.95 

7.18 

4.57 

4.41 

2.38 

2.77 

0.67 

34 

44 

Difference 

11.5 

-0.45 

-0.84 

-11.2 

4-0.23 

-0.16 

4-0.39 



3. J. F. Onset 

Recovery 

61.4 

50.8 

5.23 

3.96 

3.97 

,2.57 

26.9 

18.6 

6.07 

7.50 

3.39 

4.21 

2.68 

3.29 

0.96* 

24 

35 

Difference 

10.6 

-1.27 

-1.40 

1 - 8.3 

-fl.43 

4-0.82 

I 4-0.61 


. 

4. W. T. Onset 

Recovery 

m 

j 5.75 
4.20 

i 3.50 
2.35 

38.8 

18.8 

6.57 

7.35 

3.81 

3.84 

2.76 

3.51 

0.39 

39 

44 

Difference 

-20.3 

' -1.55 

-1.15 

-20.0 

-1-0.78 

4-0.03 

4-0.75 



5. M. A. Onset 

Recovery 

m 

5.75 

5.00 

2.88 

2.35 

38.6 

20.8 

6.42 

7.52 

4.34 

4.70 

2.08 

2.82 

0.85 

49 

53 

Difference 

-27.0 

-0.75 

-0.53 

-17.8 

-f 1.10 

4-0.36 

4-0.74 



6. J. Y. Onset 

Recovery 

70.4 

54.4 

5.33 

3.67 

3.26 

2.29 

28.5 

19.1 

6.04 

6.73 

3.97 

4.16 

2.07 

2.57 

0.25 

39 

38 

Difference 

-16.0 

-1.66 

-0.97 

- 9.4 

4-0.69 

4-0.19 

4-0.50 




* Pleural fluid. 
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vhen compared «nth the values of Gibson and 
Ivans (28). 

Extracellular fluid volume decreased with re- 
rover^’ in all cases, the mean change being 12.73 
iters. The mean value of total extracellular fluid 
in the recoverj' phase was 32 per cent of total 
3ody weight — still almost 50 per cent above nor- 
mal. Decrease in weight occurred with recovery 
in all of the patients, the mean loss being 15.6 kgm. 

Serum protein values, in terms of grams per 
100 cc. of serum, increased with recovery in all 
cases, the increase being ascribable mainly to the 
globulin fraction. This change is only in concen- 
tration, for when total circulating serum proteins 
are calculated, the amount of serum albumin ac- 
tually decreased markedly and the serum globulin 
decreased slightly. 

The changes observed in blood volume are 
similar to those found in previous studies on 
similar cases (27). The increase in blood volume 
in our cases was more of a “hydremic plethora” 
than in the cases of Gibson and Evans, as in our 
cases serum volume was the maximum participant 
in this change. Presumably, the vascular bed, 
■mainly the venous side, increases in capacity to 
accommodate this increased volume (15). 

Similarly, the changes in total extracellular fluid 
and weight are those commonly observed in re- 
covery from cardiac failure. Although the two 
were generally in agreement, the apparent dis- 
crepancies are difficult to explain. 

As noted, the final value of total extracellular 
fluid averaged 32 per cent of body weight, even 
though the patients showed no demonstrable 
edema. It is unlikely that this can be accounted 
for wholly on the basis of cardiac insufficiency, 
since by all other criteria cardiac compensation 
•3vas much improved. We feel that this retention 
of fluid i^iay be a peripheral effect for two rea- 
sons; (J) although anoxia causes an increase in 
capillaiy permeability (31), the time required for 
recovery may be prolonged; (2) the protein left 
in extracellular space may be picked up much 
more slowly via the lymphatics than water is by 
the capillaries. In the latter event, effective os- 
motic “pull” of water back into the blood stream 
wotild be reduced, since the remaining protein in 
extracellular space would exert a counter pressure. 

Although serum proteins rose in value in terms 
of grams per 100 cc., actually the amount of 


circulating protein decreased. In Table V, the 
total amounts of albumin and globulin, calculated 
by multiplying grams per cent by serum volume, 
are presented at onset and with recovery and 
the difference in these two values is recorded. 


TABLE V 

To/al circulating proteins in failure and compensation 
with net changes 


Case 

Decompensation 

Compensation 

Net change 

Total 

albumin 

Total 

globulin 

Total 

albumin 

Total 

globulin 

Albumin 

Globulin 


grams 

grams 

grams 

grams 

grams 

grams 

1 . 

162.5 

105.0 

118.0 

106.0 

-44.5 

+ 1.0 

2. 

176.0 

92.5 

134.0 

84.3 

-42.0 

- 8.2 

3. 

134.5 

106.0 

108.0 

84.5 

-26.5 

-21.5 

4. 

133.0 

97.0 

90.0 

82.5 

-43.0 

-15.5 

5. 

125.0 

60.0 

111.0 

66.5 

-14.0 

+ 6.5 

6. 

129.5 

67.5 

95.5 

59.0 

-34.0 

- 8.5 

Mean 

143.4 

88.0 

109.4 

80.46 

-34.0 

- 7,7 


It is thus evident that, although total circulating 
albumin falls, the loss of water from the blood 
stream more than compensates, so that a normal 
concentration is approached. Now, when the 
amount of albumin available from extracellular 
fluid is calculated by multiplying its concentration 
per liter by the loss of extracellular fluid in liters, 
an average value of 73.9 grams is obtained. Since 
the average loss in the blood stream itself is 34.0 
grams, this, added to the amount available from 
decreased extracellular fluid, gives a mean total 
of 99.9 grams unaccounted for, a value of 3.63 
grams per each 100 cc. of blood. Such a quantity 
of protein cannot remain in extracellular fluid in 
the recovery phase. Urinary loss of proteins in 
these patients was negligible. Since nitrogen bal- 
ances were not done, we have no idea how much 
was metabolized but the changes noted are in 
harmony with the work of Madden and Whipple 
(32), which shows that serum proteins are in a 
state of flux. Madden and Whipple have stated 
that “The tacit assumption has been that, once 
formed, unless obviously lost by . . . transuda- 
tion . . . plasma protein is static. ... A steady 
state of ebb and flow exists between it and a 
portion of the cell and tissue body protein.” It 
is inconceivable that as much as 150 grams of 
protein (Case 5) could be left in extracellular 
space for an}' length of time, especially with 
reduction in volume of e.xtracellular fluid. Ap- 
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parently, this large amount of protein, which was 
returned to the blood stream via the lymphatics, 
is stored for future use, presumably in the liver 
and reticulo-endothelium. Such a concept is 
wholly in accord with Whipple’s work on plasma- 
pheresis. This “dynamic equilibrium” of serum 
proteins holds not only for slow changes but for 
rapid changes as well. Stewart and Rourke (33), 
studying changes in sixteen patients undergoing 
ether anaesthesia and surgical procedures, showed 
a mean reduction of plasma volume of 13.8 per 
cent and a mean increase in extracellular fluid of 


drawn without stasis at the start of the first period of 
urine collection and at twenty-minute intervals thereafter 
until the close of the experiment. Mid-point concentra- 
tions were determined by interpolation, and mean con- 
centration for each period was measured by the use of a 
planimeter. 

Inulin concentration in plasma and urine was measured 
by the method of Corcoran and Page (34). Phenol red 
concentration was determined in alkalinized samples of 
plasma and urine by the use of a Pulfrich photometer, 
with an S-53 filter. Occasional minimal hemolysis was 
corrected by using an S-43 filter which shows no light 
absorption with phenol red in the concentrations used 
but which shows 2.5 times as much absorption with alka- 


TABLE VI 


Measurements of renal function in congestive failure and after compeytsation 


Case 

Blood urea 
nitrogen 

Maximum 

specific 

gravity 

Inulin 

clearance 

Phenol red 
clearance 

Urea 

clearance 

Phenol red 

Inulin 







per cent of 








normal 



1. F. T. 

23.2 

1.030 

107 

144 

36 

1.3 

In failure. 


18.4 

1.028 

91 

238 

67 

2.6 

Compensated. 

2. P. K. 

18.6 

1.023 

61 

75 

56 

1.2 

In failure. 


18.1 

1.020 

83 

280 

78 

4.4 

Compensated. 

3. J. F. 

13.0 

1.019 

69 

150 

69 

2.2 

I In failure. 


25.9 

1.024 

88 

i 191 

74 

2.2 

Compensated. 

4. W. T. 

18.5 

UnRQiiil 

74 

1 

155 

I 

67 

• 2.1 



25.3 


68 

228 

39 

3.3 


5. M. A. 

10.5 

1.022 

■ESI 

178 

64 

1.9 

In failure. 


23.7 

1.022 

■■ 

311 

37 

3.0 

Compensated. 

6. J. Y. 

18.0 

1.021 

40 

85 

36 

2.1 

In failure. 


13.5 

1.016 

87 

238 

59 

2.7 

Compensated. 


27. S per cent ; the mean reduction in plasma pro- 
tein concentration, however, was only 0.5 gram 
per cent. 

III. Kidney ftmction 

Kidney function during decompensation and 
after recovery was estimated by inulin, phenol red 
and urea clearances, and maximum specific gravity. 

In the clearance studies, three or more urine specimens 
were collected at thirty-minute intervals by means of an 
indwelling urethral catheter. At the end of each period 
of urine collection, the bladder was washed with a meas- 
ured amount of normal saline. One-half hour before the 
start of the first period of urine collection, 150 cc. of a 
4 per cent solution of inulin were given intravenously. 
At the same time, 3 cc. of a 10 per cent solution of 
phenol red were given intramuscularly. In this manner, 
the clearances were done upon a falling blood concentra- 
tion of the injected substances. Venous blood was with- 


line hematin as does the S-53 filter. Urea content of 
urine was determined by the manometric urease method 
of Van Slyke (35) and that of blood by the hypobromite 
method of Van Slyke and Kugel (36). Plasma concen- 
trations of inulin ranged from 61 to 10 mgm. per 100 cc., 
and of phenol red from 1.17 to 0.24 mgm. per 100 cc. 
These concentrations of phenol red are below those at 
which “self depression” of the clearance takes place (37). 

The changes in maximum specific gravity, mean 
inulin, phenol red, and urea clearances in these 
patients are shown in Table VI. For purposes of 
discussion, the inulin clearance may be regarded 
as a measure of the volume of glomerular filtrate 
and the phenol red clearance as a measure of renal 
blood flow, or “effective” renal blood flow in 
Smith’s terminology (37). Smith has abandoned 
the phenol red clearance in favor of the diodrast 
clearance for this purpose since the latter has the 
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higher plasma clearance (38). Both substances 
are excreted chiefly by secretor}' activity of the 
tubule cells, and both show depression of clearance 
TOlues with increase in blood concentration. Since, 
however, Smith finds a fairly constant ratio be- 
tween diodrast and phenol red clearances in the 
normal kidney when the plasma levels are low, 
it seems legitimate in this instance to use the 
latter as an indication of changes in renal blood 
flow. The presence of appreciable numbers of 
intrarenal arteriovenous anastomoses described by 
Spanner (39) would, of course, invalidate this 
assumption if these were uniformly open during 
decompensation and closed with recovery. 

While the mean inulin clearance is numerically 
greater after compensation in four of the six 
patients, this is statistically significant only in 
Case 6 (J. Y.). The phenol red clearance as an 
indication of renal blood flow is numerically 
greater in all cases, and the difference is sig- 
nificant in all but Case 3 (J. F.). The urea 
clearance is also increased after cardiac compen- 
sation, but the significance is difficult to estimate 
since the majority of' observations during decom- 
pensation were made with urine flows of less than 
2 cc. per minute (standard clearance), while many 
of those after compensation represent maximum 
clearances. 

If the phenol red clearance may be regarded as 
a measure of renal blood flow, it is possible to 
calculate any change in the fraction of the cardiac 
output which goes to the kidneys with restoration 
of compensation. In Case 1, the phenol red clear- 
ance represents 6.4 per cent of the cardiac output 
during cardiac failure, and 6.1 per cent after 
restoration of compensation. In Case 2, the 
values are 2.6 and 7.2 per cent; in Case 3, 6.0 
and 5.5 per cent ; in Case 4, 5.7 and 6.3 per cent ; 
in Case 5, 5.7 and 8.0 per cent; and in Case 6, 
4,1 and 6.1 per cent, giving an average of 5.1 per 
cent during failure and 6.5 per cent after re- 
covery, Thus, the phenol red clearance represents 
about the same fraction of the cardiac output both 
during failure and after improvement. If the 
usual ratio between phenol red and diodrast clear- 
ance found by Smith be assumed, and minimal 
renal blood flow calculated from this and hemato- 
crit, the conclusion is unchanged : renal blood flow 
both during failure and after improvement rep- 
resents about 20 per cent of the estimated cardiac 


output. This corresponds with the average of 29 
per cent found by Smith, Goldring, and Chasis 
(38) for normal persons receiving a constant 
intravenous infusion. 

The constancy of the inulin clearance with 
changes in renal blood flow implies changes in 
glomerular capillary pressure and in the fraction 
of the plasma filtered. An increase in glomerular 
capillary pressure during decompensation might 
be brought about by an increased tone (constric- 
tion) of the efferent vessel, dilatation of afferent 
vessel, or by increased pressure in the renal vein. 
The existence of the former mechanism of control 
of capillary pressure was described by Richards 
and Plant (40) and has been assumed by Chasis, 
Ranges, Goldring and Smith (41) to be an im- 
portant mechanism in regulating the renal circu- 
lation. Smith finds the inulin clearance constant 
in normal kidneys both during adrenalin ischemia 
and pyrexial hyperemia, in spite of changes in 
the diodrast clearance which is used as a measure 
of renal blood flow. Constriction of efferent ves- 
sel diminishes renal flow. If this mechanism is 
responsible for the constant inulin clearance, it 
implies that were such constriction not present a 
greater fraction of the cardiac output would go to 
the kidneys in the decompensated patient than in 
the normal patient. No mechanism to account for 
such a hypothesis is apparent. If, however, only 
efferent vessels take part in the generalized in- 
crease in peripheral resistance of cardiac failure, 
the data could be accounted for on such a basis. 
Afferent vessels, however, respond in the usual 
way to central and chemical constriction or stimuli. 
Similarly, dilatation of afferent vessels, other con- 
ditions remaining the same, gives an increased 
renal flow (42) and glomerular pressure. The 
constant percentage of the cardiac output repre- 
sented by the phenol red clearance would seem to 
make this mechanism unlikely. The higher di- 
astolic pressure and calculated peripheral resistance 
during decompensation are probably an indication 
of arteriolar constriction, so that if afferent ar- 
terioles were dilated, their state would have to be 
assumed to differ from that of other small arteries 
in the body. 

In hj^perthyroidism (Table VII), both phenol 
red and inulin clearances represent about the same 
fraction of the cardiac output before and after 
thyroidectomy, and the phenol red/inulin ratio is 
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parently, this large amount of protein, which was 
returned to the blood stream via the lymphatics, 
is stored for future use, presumably in the liver 
and reticulo-endothelium. Such a concept is 
wholly in accord with Whipple’s work on plasma- 
pheresis. This “dynamic equilibrium” of serum 
proteins holds not only for slow changes but for 
rapid changes as well. Stewart and Rourke (33), 
studying changes in sixteen patients undergoing 
ether anaesthesia and surgical procedures, showed 
a mean reduction of plasma volume of 13.8 per 
cent and a mean increase in extracellular fluid of 


drawn without stasis at the start of the first period of 
urine collection and at twenty-minute intervals thereafter 
until the close of the experiment. Mid-point concentra- 
tions were determined by interpolation, and mean con- 
centration for each period was measured by the use of a 
planimeter. 

Inulin concentration in plasma and urine was measured 
by the method of Corcoran and Page (34). Phenol red 
concentration was determined in alkalinized samples of 
plasma and urine by the use of a Pulfrich photometer, 
with an S-S3 filter. Occasional minimal hemolysis was 
corrected by using an S-43 filter which shows no light 
absorption with phenol red in the concentrations used 
but which shows 2.5 times as much absorption with alka- 


TABLE VI 


Measurements of renal function in congestive failure and after compensation 


Case 

Blood urea 

Maximum 

specific 

gravity 

Inulin 

Phenol red 

Urea 

Phenol red 


nitrogen 

clearance 

clearance 

clearance 

Inulin 


1. F. T. 

23.2 


107 

144 

per cent of 
normal 

36 

1.3 

In failure. 


18.4 


91 

238 

67 

2.6 

Compensated. 

2. P. K. 

18.6 

1.023 

61 

75 

56 

1.2 

In failure. 


18.1 

1.020 

83 

280 

78 

4.4 

Compensated. 

3. J. F. 

13.0 

1.019 

69 

150 

69 

2.2 

In failure. 

2S.9 

1.024 

88 

191 

74 

2.2 

Compensated. 

4. W. T. 

18.5 

1.017 

74 

155 

67 

‘ 2.1 

In failure. 


25.3 


68 

228 

39 

3.3 

Compensated. 

5. M. A. 

10.5 

1.022 


178 

64 

1.9 

In failure. 


23.7 

1.022 

■■ 

311 

37 

3.0 

Compensated. 

6. J. Y. 

18.0 

1.021 

40 

85 

36 

2.1 

In failure. 

13.5 

1.016 

87 

238 

59 

2.7 

Compensated. 


27.5 per cent; the mean reduction in plasma pro- 
tein concentration, however, was only 0.5 gram 
per cent. 

III. Kidney function 

Kidney function during decompensation and 
after recovery was estimated by inulin, phenol red 
and urea clearances, and maximum specific gravity. 

In the clearance studies, three or more urine specimens 
were collected at thirty-minute intervals by means of an 
indwelling urethral catheter. At the end of each period 
of urine collection, the bladder was washed with a meas- 
ured amount of normal saline. One-half hour before the 
start of the first period of urine collection, 150 cc. of a 
4 per cent solution of inulin were given intravenously. 
At the same time, 3 cc. of a 10 per cent solution of 
phenol red were given intramuscularly. In this manner, 
the clearances were done upon a falling blood concentra- 
tion of the injected substances. Venous blood was with- 


line hematin as does the S-53 filter. Urea content of 
urine was determined by the manometric urease method 
of Van Slyke (35) and that of blood by the hypobromite 
method of Van Slyke and Kugel (36). Plasma concen- 
trations of inulin ranged from 61 to 10 mgm. per 100 cc., 
and of phenol red from 1.17 to 0.24 mgm. per 100 cc. 
These concentrations of phenol red are below those at 
which "self depression” of the clearance takes place (37). 

The changes in maximum specific gravity, mean 
inulin, phenol red, and urea clearances in these 
patients are shown in Table VI. For purposes of 
discussion, the inulin clearance may be regarded 
as a measure of the volume of glomerular filtrate 
and the phenol red clearance as a measure of renal 
blood flow, or “effective” renal blood flow in 
Smith’s terminology (37). Smith has abandoned 
the phenol red clearance in favor of the diodrast 
clearance for this purpose since the latter has the 
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higher plasma clearance (38). Both substances 
are excreted chieflj' by secretory activity of the 
tubule cells, and both show depression of clearance 
lalues with increase in blood concentration. Since, 
however. Smith finds a fairly constant ratio be- 
tween diodrast and phenol red clearances in the 
normal kidney when the plasma levels are low, 
it seems legitimate in this instance to use the 
latter as an indication of changes in renal blood 
flow. The presence of appreciable numbers of 
intrarenal arteriovenous anastomoses described by 
Spanner (39) would, of course, invalidate this 
assumption if these were uniformly open during 
decompensation and closed with recovery. 

While the mean inulin clearance is numerically 
greater after compensation in four of the six 
patients, this is statistically significant only in 
Case 6 (J. Y.). The phenol red clearance as an 
indication of renal blood flow is numerically 
greater in all cases, and the difference is sig- 
nificant in all but Case 3 (J. F.). The urea 
clearance is also increased after cardiac compen- 
sation, but the significance is difficult to estimate 
since the majority of observations during decom- 
pensation were made with urine flows of less than 
2 cc. per minute (standard clearance), while many 
of those after compensation represent maximum 
clearances. 

If the phenol red clearance may be regarded as 
a measure of renal blood flow, it is possible to 
calculate any change in the fraction of the cardiac 
output which goes to the kidneys with restoration 
of compensation. In Case 1, the phenol red clear- 
ance represents 6.4 per cent of the cardiac output 
during cardiac failure, and 6.1 per cent after 
restoration of compensation. In Case 2, the 
values are 2.6 and 7.2 per cent; in Case 3, 6.0 
and 5.5 per cent ; in Case 4, 5.7 and 6.3 per cent ; 
in Case 5, 5.7 and 8.0 per cent; and in Case 6, 
4.1 and 6.1 per cent, giving an average of 5.1 per 
cent during failure and 6.5 per cent after re- 
covery. Thus, the phenol red clearance represents 
about the same fraction of the cardiac output both 
during failure and after improvement. If the 
usual ratio between phenol red and diodrast clear- 
ance found by Smith be assumed, and minimal 
renal blood flow calculated from this and hemato- 
crit, the conclusion is unchanged : renal blood flow 
both during failure and after improvement rep- 
resents about 20 per cent of the estimated cardiac 


output. This corresponds with the average of 29 
per cent found by Smith, Goldring, and Qiasis 
(38) for normal persons receiving a constant 
intravenous infusion. 

The constancy of the inulin clearance with 
changes in renal blood flow implies changes in 
glomerular capillarj^ pressure and in the fraction 
of the plasma filtered. An increase in glomerular 
capillary pressure during decompensation might 
be brought about by an increased tone (constric- 
tion) of the efferent vessel, dilatation of afferent 
vessel, or by increased pressure in the renal vein. 
The existence of the former mechanism of control 
of capillary pressure was described by Richards 
and Plant (40) and has been assumed by Chasis, 
Ranges, Goldring and Smith (41) to be an im- 
portant mechanism in regulating the renal circu- 
lation. Smith finds the inulin clearance constant 
in normal kidneys both during adrenalin ischemia 
and pyrexial hyperemia, in spite of changes in 
the diodrast clearance which is used as a measure 
of renal blood flow. Constriction of efferent ves- 
sel diminishes renal flow. If this mechanism is 
responsible for the constant inulin clearance it 
implies that were such constriction not present a 
greater fraction of the cardiac output would go to 
the kidneys in the decompensated patient than in 
the normal patient. No mechanism to account for 
such a hypothesis is apparent. If, however onlv 
efferent vessels take part in the generalized in 
crease in peripheral resistance of cardiac failure' 
the data could be accounted for on such a bask 
Afferent vessels, however, respond in the usu.l 
way to central and chemical constriction or stim 1 
Similarly, dilatation of afferent vessels, other ' 
ditions remaining the same p-ivec: 
renal flow (42)\nd glomeX "reTsurT 
constant percentage of the cardiac output’ r/ 
sented by the phenol red clearance would seem?' 
make this mechanism unlikely. The h' t. ™ • 
astolic pressure and calculated peripheral rf 
during decompensation are probably an 
of arteriolar constriction, so that if aff 
terioles were dilated, their state would hf^”^ 
assumed to differ from that of other 
in the body. "™all arteries 

In hjTjerthyroidism (Table VII) both 
red and inulin clearances represent about 
fraction of the cardiac output before 
thyroidectomy, and the phenol red/in,,!-^"^ 

/‘"Win ratio is 
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unchanged, so that here it seems unnecessary to 
postulate any changes in intrarenal vascular ad- 
justments. 

Hence, it seems that the simplest explanation 
of the data on the cardiac patients is that renal 
blood flow is reduced in proportion to the reduc- 
tion in cardiac output, and that the high venous 
pressure is responsible for an abnormally high 


TABLE VII 

Changes in renal Junction before and after thyroidectomy 
for hyperthyroidism 


Case 

Inulin 

clearance 

Phenol 

red 

clearance 

Phenol red/Inulin 

Urea 

clearance 

Blood 

urea 

nitrogen 

1. 

183 

367 

2.0 

percent 

144 

7.6 


128 

322 

2.5 

107 

4.4 

2. 

117 

392 

3.3 

80 

17.3 


no 

345 

3.1 

80 

9.9 

3. 

167 

572 

3.4 

97 

15.0 


120 

395 

3.3 

80 ! 

i 



glomerular capillary pressure with a consequent 
increase in the fraction of the plasma water which 
is filtered. 

It should be pointed out that the decrease in 
kidney function accompanying heart failure is not 
associated with any decrease in concentrating 
power, so that there is no evidence that the passive 
congestion and diminished blood flow have im- 
paired tubular function. Since these cells are 
carrying out their usual function normally, it 
may be presumed that the ability to secrete phenol 
red is likewise unimpaired. The mean phenol 
red/inulin clearance ratio in these patients after 
recovery was 3.0, which is slightly lower than 
the average of 3.3 given by Smith. 

SUMMARY 

Estimations of cardiac output, volume of blood 
and interstitial fluid, concentration and total 
amount of plasma proteins, and of inulin, phenol 
red and urea clearances were made on six patients 
with congestive heart failure and again after re- 
storation of compensation by digitalis and diuretics. 

Cardiac output and stroke volume increased with 
improvement in all cases. The mean minute out- 
put during failure was 31 per cent less than after 
improvement. Effective peripheral resistance de- 
creased coincidentally with improvement. 


Blood and serum volumes also decreased with 
recovery, the mean change in blood volume being 
1.15 liters or 25 per cent, and in serum volume 
0.92 liter or 35 per cent of the volumes during 
failure. In spite of a marked decrease in the 
volume of intercellular fluid, the mean value after 
restoration of compensation was 32 per cent of 
total body weight, or almost 50 per cent above 
normal. 

While the concentration of serum proteins, par- 
ticularly of the globulin fraction, increased with 
clinical improvement, the total amount of circulat- 
ing protein decreased, due almost entirely to a de- 
crease in serum albumin. 

Inulin clearance showed no significant change 
with improvement, while phenol red clearance in- 
creased to approximately the same degree as the 
cardiac output. 


PROTOCOLS 


Case 1, P. T., Hospital Number 201-250. A 66-year 
old Italian laborer entered the hospital on November , 
1939, because of dyspnea and edema of legs. He had a 
mild symptoms of failure for two years. Two mont s 
prior to admission, dyspnea became severe and he deve 
oped generalized edema. He had taken no digitais- 
Physical examination showed a large heart, a arge 
tender liver, and edema of both extremities 
abdomen without demonstrable fluid. Pulse was 
blood pressure was 240/140. Vital capacity was , 
After the data were obtained, he was digitalize , r 
sponding with a fair diuresis and relief of symp o 
On his sixth hospital day he developed pneumonia, w 
responded well to sulfapyridine, and he was isc ar 
symptomatically improved and edema free after t ^ 
set of determinations were performed twenty-eig 
later. Blood pressure on discharge was 180/1 • 
nosis: Hypertensive heart disease and cardiac 
pensation. 


Case 2, P. K., Hospital Number 201-932. A 
Did white male entered the hospital on December ’ ' 

because of dyspnea and edema of the legs. ig 
previously he had had mild symptoms o Ltjve 

three years previously he had had i:, jn- 

Df a myocardial enfarct. He had received 
termittently with relief of symptoms, bu 
before admission edema became more 
recently become massive. He had taken no igi 
three weeks. On physical examination ^ ^ jj 25 es, 

larged, there were pleural effusions at^ o edeina 

the abdomen contained fluid, and massive ^ pg 

extended from the ankles to the scrotum. 
and blood pressure 160/90. Vital iia- 

The patient was digitalized and obtained sy J . -jj^ation 
provement. On several occasions salyrgan ad 
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resulted in a copious diuresis. He was discharged edema 
free after twenty-si.'c days in the hospital. Blood pres- 
sure on discharge was 140/SO. Diagnosis ; Arteriosclerotic 
heart disease with cardiac decompensation. 

Case 3, J. F., Hospital Number 202~176. A 72-year- 
old white man was admitted on January 8, 1940, com- 
plaining of sudden onset of dyspnea and edema two 
weeks presdously. Physical examination showed marked 
orthopnea, right hydrothorax, and numerous rales over 
the left lung. The heart was enlarged 12 cm. to the left 
of the mid-stcmal line. A harsh systolic murmur was 
present over the entire precordium but was best heard 
over the second interspace just to tlic right of the sternum. 
Blood pressure was 16S/95. The liver was palpable 5 
cm. below the costal margin and was fender. There was 
pitting edema to the level of the sacrum. Peripheral 
arteriosclerosis was marked. He was treated with digi- 
talis and mercurial diuretics with marked improvement 
and was discharged on his thirty-first hospital day with 
a blood pressure of 150/95 and free from demonstrable 
edema. Diagnosis: Arteriosclerotic heart disease with 
hypertension and cardiac decompensation. 

Case 4, J. G., Hospital Number 210-731. A 52-year- 
old white man was admitted on Januarj- 8, 1941, with the 
history of ankle edema and dyspnea on exertion of three 
months’ duration. There was slight arteriovenous notch- 
ing of the vessels of the fundi. Moist rales were present 
over the bases of both lungs. The heart was enlarged; 
no murmurs were heard; blood pressure was 210/118. 
The liver was palpable three fingers' breadth below the 
costal margin. Pitting edema was present to the level of 
the sacrum. He was treated with digitalis and mercurial 
diuretics and showed a satisfactory response. He was 
discharged on his forty-second hospital day with a blood 
pressure of, 160/90 and free from demonstrable edema. 
Diagnosis: Hypertensive cardiovascular disease with 
cardiac decompensation. 

Case 5, M. A., Hospital Number 205-085. A 70-year- 
old white man was admitted on May 20, 1940, with the 
complaint of swelling of the legs and abdomen of three 
months' duration. Physical examination showed cyanosis, 
arteriovenous notching of the retinal vessels, moist rales 
at the left lung base. The heart was enlarged 14 cm. 
to the left of the mid-sternal line. There was a proto- 
diastolic gallop rhythm. No murmurs were heard. 
Blood pressure was 140/90. The liver was tender and 
palpable 5 cm. below the costal margin. A fluid wave 
was present in the abdomen. Generalized arteriosclerosis 
was marked. There was edema of the legs to the level 
of the sacrum. Satisfactory compensation was obtained 
■with digitalis and mercurial diuretics. He was dis- 
charged on the twenty-sixth hospital day with a blood 
prwsure of 140/90 and free from demonstrable edema. 
Diagnosis: Arteriosclerotic heart disease with cardiac 
decompensation. 

Case 6,J. P., Hospital Number 208-229. A 6S-year-old 
■white man was admitted on September 18, 1940, with the 


chief complaints of dyspnea on exertion and swelling of 
the legs of four months’ duration. Physical examination 
showed moderate cyanosis, distended neck veins, and rales 
over both lower lobes of the lungs. The heart was en- 
larged 13 cm. to the left of the mid-stemal line, and 5 
cm. to the right. A systolic murmur was present at the 
apex. Blood pressure was 142/100. The liver was en- 
larged, extending 8 cm. below the costal margin and was 
tender. There was pitting edema of the legs to the level 
of the sacrum. The peripheral arteries were markedly 
sclerotic. Satisfactory compensation was obtained with 
digitalis and mercurial diuretics and he was discharged 
on the thirty-third hospital day with a blood pressure of 
190/60 and free from demonstrable edema. Diagnosis: 
Arteriosclerotic heart disease with cardiac decompensation. 
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In the United States, the two-stage theory of 
lood coagulation is widely accepted. This theory' 
ecently rev’iewed by Quick (1) and Eagle (2) sug- 
ests that in the first stage prothrombin, caldum 
3n and thromboplastin interact to form thrombin, 
["hrombin, in the second stage, converts fibrinogen 
0 fibrin. Plasma thromboplastin has been con- 
idered to be of platelet origin. The phenomenon 
if the initiation of coagulation when blood is shed 
las been considered by many investigators to be 
iue to the disintegration of platelets w’ith the re- 
ease of thromboplastin. 

It has been known for many years that the co- 
igulation time of blood taken in paraffin tubes is 
nuch longer than that of blood taken in glass 
lubes. The explanation usually offered for this 
phenomenon is that the glass, acting as a foreign 
surface, destroys the platelets at a more rapid rate 
than occurs in the presence of paraffin. The in- 
creased amount of thromboplastin so liberated is 
then considered to be responsible for the shorter 
coagulation time in glass vessels. Nolf (3) has 
criticized this explanation. He states that his ex- 
perimental data indicate that cell- and platelet-free 
plasma already contains all of the factors necessary 
for blood coagulation. He believes that the initia- 
tion of coagulation is the result of the direct modi- 
fication of one or more of the constituents of cell- 

ree plasma by contact with a foreign surface such 
as glass. 

In view of this difference of opinion, it seemed 
advisable to reinvestigate the role which foreign 
sur aces p lay in the blood coagulation reaction. 

^Presmted in part before the American Society for 
^ Mical Investigation, Atlantic City, New Jersey, May S. 

®^P^ses of this investigation were defrayed in 

a ^^’^ard University from the Smith, 

Dart K '’^ch Laboratories of Philadelphia, and in 
Pe:.tv^a ^ “In Recognition of Dr. Francis W. 

Plotr K ^ lo the Foundation” by the Ella Sachs 


The present communication reports certain obser- 
vations on the effects of four such foreign surfaces. 
The materials investigated were glass, paraffin, col- 
lodion, and a synthetic plastic “Lusteroid.” ® 

METHODS 

Coagulation times were determined on venous blood by 
Pohle and Taylor’s (S) modification of the method of 
Lee and White (4). Platelet counts were made by a 
direct counting method (6). By this method “platelet” 
counts below 15,000 per cu. mm. are without significance 
since cell-free Berkefeld filtered plasmas will give such 
values due to the presence of non-specific refractile bodies. 
Venepunctures were made with an oiled syringe and 
needle, and only when the vein was entered on the initial 
attempt and with minimum trauma was the blood used 
for these investigations. Plasma globulin substance was 
made from cell-free plasma, as previously described (7), 
with such modifications as are given below. For the sake 
of brevity one typical experiment on each phase of the 
investigation is given. In all instances however, the re- 
sults were repeatedly duplicated, 

EXPERIMENTAL 

The effect of foreign surfaces on the coagulation 
of platelet-free plasma 

Experiments of this type in the past have been 
criticized on the basis that either specialized plas- 
mas, such as bird plasma, were employed or that a 
non-physiological anticoagulant was added which 
might modify the system under investigation. 
Therefore, the initial experiments were performed 
on normal human blood plasma to which no anti- 
coagulant was added. Normal human venous 
blood was taken with an oiled syringe and trans- 
fered to a Lusteroid tube. In one typical experi- 
ment the platelet count on the blood was initially 
300,000 per cu. mm. The tube and contents were 
centrifuged in an angle head centrifuge at 4,200 
r.p.m. for 10 minutes and the resultant crystal clear 
plasma removed by a collodion coated pipette to a 

® Obtainable in the form of centrifuge tubes from the 
International Equipment Company, Boston, Mass. 
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second scrupulously clean and dry Lusteroid tube. 
The “platelet count” on this plasma was 8,000 per 
cu. mm., or within the blank for the method. Two 
ml. of the plasma were transferred with col- 
lodioned pipettes to tubes of each of the four mate- 
rials under investigation. 


TABLE I 

The effect of foreign surfaces on the coagitlation time of 
platelet-free plasma prepared without any anticoagulant 


2 ml. plasma placed in 

Coagulation time 


minutes 

Glass 

11 

Collodion 

64 

Paraffin 

44 

"Lusteroid" 

49 


The data shown in Table I indicate that coagula- 
tion occurred in the glass tube in 1 1 minutes, which 
is within the normal time for this subject. In 
tubes of the other three materials the coagulation 
time was markedly delayed. Since the plasma 
used was platelet-free, the effect of the glass sur- 
face could not reasonably be attributed to the lysis 
of platelets. 

In order to allow for more extensive manipula- 
tion of plasma in determining the site of action 
of foreign surfaces, the remainder of the investi- 
gation was carried out on plasma from blood con- 
taining sodium citrate in a final concentration of 
0.25 per cent as an anticoagulant. The concept 
that the presence of such an anticoagulant modifies 
the behavior of plasma toward foreign surfaces 
must be abandoned since the results of the follow- 
ing experiments, in which citrated plasma was 
used, are entirely comparable to the results already 
described in which no anticoagulant was used. 

The site of action of the foreign surface 

Normal human venous blood was obtained in the 
manner suggested and transferred to Lusteroid 
tubes containing the requisite volume of 2.5 per 
cent sodium citrate. Platelet-rich plasma was ob- 
tained by slowly centrifuging the blood at about 
1500 r.p.m. for 10 minutes. Samples of the 
slightly opalescent plasma were placed in tubes of 
the four materials and kept at room temperature 
for one hour. Platelet counts were made and 2 
ml. samples were transferred to Lusteroid tubes 
and the plasmas recalcified. The results of a 


typical experiment are shown in Table II. The 
data show that no significant change in the platelet 
counts occurred following the exposure of the 
platelet-rich plasma to the four foreign surfaces 
for one hour. Preliminary experiments have 
shown that platelet destruction can be followed 
readily by the direct counting method. It would 
appear, therefore, that in the presence of these 
four foreign surfaces there was no increased lysis 
of platelets. However, in spite of this observa- 
tion, the coagulation time of the plasma which had 
been exposed to glass for one hour prior to its 
recalcification was markedly less than that obtain- 
ing for the three samples of plasma which had 
been exposed for the same length of time''to the 
other three surfaces. 

TABLE II 

The effect of foreign surfaces on the platelet cotint and 
the coagulation time of recalcified * citrated 
platelet-rich normal human plasma 


Plasma incubated 
one hour in 

Platelet count 

Coagulation time in 
“Lusteroid" 


per mm.’ 

minutes 

Glass 

412,000 

6 

Collodion 

414,000 

18 

Paraffin 

412,000 

20 

"Lusteroid” 

432,000 

20 


* 2 ml. plasma -f 0.4 ml. 0.5 per cent CaClj. 


To further rule out lysis of the intact platelet 
as the responsible agent in foreign surface effect, 
the observations were repeated, except that the 
normal citrated plasma was rendered free from 
platelets by centrifuging at 4,200 r.p.m. for 1 
minutes before transferring to the tubes made of 
the four materials under investigation. The data 
of one typical observation (Table III) show that, 
when 2 ml. of such platelet-free plasmas are recal- 
cified in Lusteroid tubes, the one exposed to gl^iss 
for one hour coagulates in 11 minutes, which is 

TABLE in 


The effect of foreign surfaces on the platelet count and 
the coagulation time of recalcified ctlrated 
platelet-free normal human plasma 


Plasma incubated 
one hour in 

Platelet count 

Coagulation time in 
“Lusteroid 


per mm.’ 

minutes 

Glass 

12,000 

11 

30 

39 

38 

Collodion 

8,000 

Paraffin 

4,000 

"Lusteroid" 

10,000 
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within the range usuall}’ encountered for the co- 
agulation time of normal titrated plasma after 
recalcification in glass tubes. Tliose samples of 
plasma exposed to the other three surfaces for the 
same length of time had markedly prolonged 
coagulation times. 

• It has recently been reported that there exists in 
cell-free citrated normal human plasma a factor, 
independent of prothrombin and fibrinogen (8, 9), 
capable of reducing the coagulation time of hemo- 
philic blood iu vivo and in vitro. The effect of 
foreign surfaces on this plasma factor was studied. 
Normal citrated platelet-rich plasma was prepared 
without exposure to glass and transferred to tubes 
of glass, collodion, paraffin and Lusteroid. The 
plasmas were permitted to remain in contact with 
these surfaces for one hour at room temperature. 
One-tendi of a milliliter of each of these samples 
of plasma was introduced into Lusteroid tubes and 
2 ml. of hemophilic blood, obtained rvithout ex- 
posure to glass, were added as soon as possible 
after the venepuncture. The results of a typical 
experiment are shown in Table IV. It will be 


TABLE IV 


The effect of foreign surfaces on the platelet count and the 
clot-pTomoltng activity for hemophilic blood of citrated 
platelet-rich normal human plasma 


Plasma incutacd 

one hoar in Platelet count 


Coagulation time in 
"Lusteroid" of 2 ml. 
hemophilic blood 
^Kl.l ml. plasma 


Glass 

Collodion 

Paraffin 

“Lusteroid” 


per mm? 

412.000 

414.000 

412.000 

432.000 


Control; No plasma added 


minutes 

14 

41 

40 

43 


300 


observed that the normal plasma exposed to glass 
or one hour had a much greater clot-promoting 
power for hemophilic blood than had samples of 
c same plasma which had been exposed to the 
other three surfaces for the same length of time. 
. control coagulation time shown in Table IV 
IS that obtained in Lusteroid tubes. The data also 
n icate that no lysis of platelets occurred during 
exposure to the foreign surfaces. 

Co servations recorded above were repeated, 
nn^ f plasma. For this purpose the 

A 2nr\ human plasma was centrifuged at 

r.p.m. for 15 minutes. At the end of this 


procedure the "platelet counts’’ were within the 
blank for the method and the plasma was crystal 
clear. Portions of this plasma were again exposed 
to contact with the four foreign surfaces for one 
hour at room temperature. One tenth millimeter 
portions of these plasmas were tested, as described, 
against 2 ml. of hemophilic blood in Lusteroid 
tubes. The results obtained in one typical experi- 
ment (Table V) show that, although the citrated 

TABLE V 


The effect of foreign surfaces on the platelet count and the 
clot-promoting activity for hemophilic blood of citrated 
platelet-free normal human plasma 


Plasma incubated 
one hour in 

Platelet count 

Coagulation time in 
*'Lusteroid” of 2 ml. 
hemophilic blood 
+ 0.1 ml. plasma 


per mm.* 

minutes 

Glass 

12,000 

25 

Collodion 

8,000 

88 

Paraffin 

4,000 

95 

"Lusteroid” 

10,000 

90 

Control: No plasma added 

300 


normal plasma was platelet-free, nevertheless that 
portion exposed to glass had a far greater clot- 
promoting activity for hemophilic blood than did 
those portions exposed to the other foreign 
surfaces. 

It would appear from the data thus far pre- 
sented that variation in the rate of lysis of the 
platelets could not be the essential explanation of 
the foreign surface effect and that the fraction of 
normal cell-free plasma which is involved in the 
foreign surface effect is the same fraction which, 
when added to hemophilic blood, both in vivo and 
in vitro, results in a sharp reduction in its coagula- 
tion time. This point was further investigated. 

The clot-promoting activity for hemophilic blood 
is associated with the euglobulin fraction of cell- 
free plasma (8, 9). This fraction has been called 
in publications from this laboratory “globulin sub- 
stance” and by Howell (10) “plasma thrombo- 
plastin.” Observations were made concerning the 
effect of foreign surfaces on the clot-promoting 
activity of globulin substance prepared by acid 
precipitation of diluted, citrated, cell-free normal 
human plasma in vessels of glass, collodion and 
paraffin. Lusteroid vessels other than tubes are 
not at present available so that this material could 
not be included in the observations. 
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The acid precipitated globulin substance from 
each of the three vessels was dissolved in 0.9 
per cent sodium chloride solution, equal in volume 
to the plasma from which it was derived. One 
tenth ml. of these saline solutions was pipetted 
into the bottom of Lusteroid tubes and 2 ml. of 
hemophilic blood preserved from glass contact 
were added. The results (Table VI) show that 

TABLE VI 

The effect of foreign surfaces on the clot-promoting activity for 
hemophilic blood of "globulin substance" prepared 
from citrated normal human plasma 


"Globulin substance" 
prepared in 

Coagulation time in "Lusteroid” 
of 2 mi. hemophilic blood -{-0.1 ml. 
“globulin substance” 


minutes 

Glass 

10 

Collodion 

so 

Paraffin 

62 

Control 

360 


the globulin substance from plasma exposed to 
glass throughout the procedure had significantly 
more clot-promoting activity for hemophilic blood 
than that prepared from plasma exposed to sur- 
faces of the other materials. 

DISCUSSION 

The foregoing observations show that the effect 
of foreign surfaces on blood coagulation are essen- 
tially independent of the intact platelet. These 
studies indicate that the site of action of such 
surfaces is dependent upon a factor which is 
present in normal cell-free plasma, independent 
of prothrombin and fibrinogen (9), associated 
with the euglobulin fraction of the proteins (8) 
and concerned with the clot-promoting activity of 
plasma for hemophilic blood. That this globulin 
substance might be derived from damaged plate- 
lets cannot be excluded by the present observa- 
tions. However, it is present in cell-free plasma, 
and foreign surfaces have entirely similar effects 
on platelet-free and platelet-rich plasma. The 
data presented clearly indicate that the effect of 
foreign surfaces is not accompanied by any in- 
creased lysis of the platelets prior to clot forma- 
tion, as heretofore assumed. 

Exposure to a glass surface had more effect in 
“activating” the factor involved than did surfaces 
of paraffin, collodion or Lusteroid. The term 
“activating” is applied to the effect of glass rather 


than explaining the effect of collodion, paraffin and 
Lusteroid as due to an “inhibition” of the plasma 
factor involved, because plasma placed first in 
glass vessels and then transferred to tubes of the 
other foreign surfaces behaves as plasma exposed 
to glass alone. 

The exact mechanism of the foreign surface 
effect can at present be only hypothecated. A 
possible hint of the type of reaction involved lies 
in the work of Gortner and Briggs (11) who 
showed by streaming potential methods that the 
charge on a glass surface in contact with water is 
considerably greater than that on a paraffin sur- 
face. These authors have also suggested that a 
positively charged substance in blood may be ad- 
sorbed by a negative surface such as that pre- 
sented by a glass interface. These demonstra- 
tions make it inviting to suggest that the foreign 
surface effect is due to the physico-chemical 
modification of one or more of the constituents 
of cell-free plasma. 

The data of the present communication give 
experimental confirmation to some of the con- 
cepts of the initiation of coagulation expressed by 
Nolf (3). They also invite the speculation that 
the so-called “physiological anticoagulant” sought 
by many investigators as an explanation for the 
fluidity of circulating blood may be found in the 
probability that the vascular endothelium may 
resemble such surfaces as collodion, paraffin, and 
“Lusteroid” in its behavior toward some non- 
cellular plasma constituent. 

SUMMARY 

1. The effects of four foreign surfaces— -glass, 
paraffin, collodion and Lusteroid — on the initia 
tion of blood coagulation were studied. 

2. Glass was shown to have the greatest effect 

on initiating coagulation. 

3. No lysis of the platelets was found following 
exposure of platelet-rich plasma for one hour to 
any of the foreign surfaces studied. 

4. The data suggest that the foreign surface 
acts by some modification of some constituent o 
cell-free plasma, probably by physico-chemica 
change. 

5. It is suggested that at least one of the plasma 
factors modified is the plasma euglobulin fraction 
known as “globulin substance” and called y 
Howell “plasma thromboplastin.” 
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Harris and Leong (1), in 1936, suggested that 
the state of vitamin deficiency in man could 
be detected by measurement of the amount of the 
vitamin excreted in tlie urine in the twenty-four- 
hour period following a single oral test dose of 
900 micrograms of thiamine chloride, and since 
then many other procedures have been suggested 
for the detection of vitamin B, deficiency by 
means of a test dose (2 to 8). Oral and paren- 
teral routes have been used for administration of 
test doses varjdng from 1 to 10 mgm. of thiamine 
chloride and various criteria have been set up for 
estimation of the state of the subject’s nutrition 
with respect to vitamin B,. 

The value of a laborator)’’ test for vitamin B, 
deficiency lies largely in its application to the 
detection of those cases in which a chronic mild 
deficiency may have existed for some time but in 
which deancut symptoms or signs of deficiency 
are not evident. The urinary excretion of thia- 
mine under various conditions has been used as a 
suggestive index of the state of thiamine nutrition 
but, unfortunately, most of the control tests re- 
ported in the literature have been made on persons 
partaking of their customary diets of unknown 
or unspecified vitamin B^ content, or on hospital 
patients. We believe that it is necessary to deter- 
mine the response to the test of individuals main- 
tained on various levels of thiamine intake for 
varying periods of time in order to assess the 
validity of the test. Only in this w'ay can the 
response be correlated satisfactorily with the nu- 
tritional history and clinical state. 

We are prompted to report our experience with 
test-dose procedures because we have had the 
opportunity to study the responses of fifteen fe- 
male subjects maintained on rigidly controlled 
diets of known thiamine content for intervals vary- 
ing from thirteen weeks to five months. Factors 
of the vitamin B complex other than thiamine 
were supplied in purified form or in the form of 


autoclaved yeast ; therefore, the dietary restriction 
was limited as nearly as possible to thiamine alone. 
Since the duration and degree of deficiency were 
known accurately, we believe that the value of 
test-dose procedures or of the ordinary twenty- 
four-hour excretion of thiamine as a laboratory 
aid can be accurately assessed. 

EXPERIMENTAL 

The present study is part of a larger one on induced 
thiamine deficiency in human subjects. The selection of 
subjects and the diets utilized in this study have been de- 
scribed in previous reports (9, 10, 11). Two groups of 
four women each, who agreed to serve as subjects for 
this study, were fed a diet which contained not more than 
ISO micrograms per day of thiamine, and a third group of 
eleven women were fed a diet which furnished 400 to 450 
micrograms of thiamine per day. 

Test-dose procedure. There is no agreement as to the 
amount of thiamine that should be used for a test dose or 
as to the mode of administration. Intramuscular injec- 
tion was chosen as the mode of admim'stration since it 
insured complete and rapid absorption. A test dose of 1 
mgm. (1000 micrograms) of thiamine chloride was 
chosen since it was sufficiently large for the purpose but 
not large enough to flood the system when rapidly ab- 
sorbed. The results confirm the adequaej' of this pro- 
cedure. 

Collection of urine. Urine was collected in bottles 
which contained IS cc. of glacial acetic acid, an amount 
sufficient to bring the pH of a twentj'-four-hour specimen 
to about 4. Specimens were collected during the twenty- 
four hours just preceding and again immediately fol- 
lowing the injection of the test dose. The thiamine con- 
tent was determined by the method of Hennessy and 
Cerecedo (12), revised by Hennessy (13). 

RESULTS 

Table I shows the values of thiamine excretion 
in^ two groups of four subjects who were main- 
tained on a diet which contained not more than 
150 micrograms of thiamine per day. The first 
group (Subjects 1 to 4) received the test dose 
after 155 days and again after 169 days at this 
intake level. S>Tnptoms of severe deficiency' of 
7 
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thiamine were evident on both occasions. The 
results of the test were essentially the same in 
both instances. The excretions of thiamine in the 
twenty-four hours preceding the test were 11 to 
26 micrograms.’^ In the twenty-four hours fol- 
lowing the injection of the test dose of 1000 micro- 
grams, the amounts of thiamine (extra thiamine) 
excreted over and above those in the preceding 
twenty-four hours were 2 to 6 per cent of the 
amount injected. Following a subsequent period 
of seventeen days during which 10 mgm. of thia- 
mine chloride and 10 grams of brewers’ yeast 
were given as daily supplements to an unrestricted 
diet, the intake of thiamine was again restricted 
to 850 micrograms for seventeen days. On the 
last three days of this period the average (pooled 
specimens) twenty-four-hour excretions of thia- 
mine were 124 to 256 micrograms and on the 
eighteenth day the extra excretions after the test 
dose were 15 to 45 per cent of the dose. 

The second group of subjects (5, 6, 8 and 9) 
received the test dose after they had consumed the 
diet containing 150 micrograms of thiamine for 
eighty-eight days, at which time symptoms of 
severe deficiency of thiamine were evident. The 
results were similar to those obtained in the first 
group. After a thirty-three-day period of unre- 
stricted diet with supplements of brewers’ yeast 
and thiamine chloride (15 mgm. for eight days, 
then 5 mgm. for twenty-five days) the intake of 
thiamine was restricted to 850 micrograms for 
five days. On the fifth day the excretions were 
254 to 400 micrograms and on the sixth day 23 
to 26 per cent of the test dose was excreted in 
the urine. The intake of thiamine was further 
restricted to 150 micrograms for five days. The 
excretions during twenty-four hours fell to values 
between 35 and 75 micrograms and on the fifth 
day the extra excretions after the test dose were 
12 to 17 per cent of the dose. 

These results indicate a rapid loss of the thia- 
mine stored during the period of excessive intake. 
The values of 254 to 400 micrograms are much 
higher than the values that would normally be 
found for the thiamine excretion when the intake 
is 850 micrograms. After restriction of the intake 
to 150 micrograms the values of 35, 41, 45, and 

1 Values of this order, although expressed as thiamine, 
may be largely due to the presence of metabolic products 
of nicotinic acid (14). 


75 micrograms for the ordinary excretion are 
definitely within the range indicative of a de- 
ficient intake of thiamine. Although the recov- 
eries of 12 to 17 per cent of the test dose are 
also subnormal, they reflect a better state of nutri- 
tion with respect to thiamine than the values for 
the ordinary excretion. 

Melnick, Field and Robinson (15) also have 
observed elevated values for the excretion of 
thiamine for some days after ingestion of large 
amounts of thiamine chloride. They recom- 
mended that two weeks be allowed to elapse 
between termination of the excessive intake of 
thiamine and a study of the excretion. It will be 
shown later that evidence of storage of thiamine 
may be found in the ordinary excretion and in 
the response to the test dose as long as four weeks 
after restriction of the intake to 400 to 600 micro- 
grams. 

The third group of eleven subjects (5, 6 and 
8 to 16; Table II), after a preliminary control 
period with an intake of 850 micrograms of thia- 
mine daily, were fed a diet containing 450 micro- 
grams of thiamine in order to study the effects 
of a chronic deficiency as compared with the 
acute deficiency produced in earlier studies. The 
low excretions of thiamine during the contro 
period by Subjects 8, 9, 10 and 15 indicate that a 
daily intake of 850 micrograms of thiamine was 
insufficient for these subjects at this time. Sub- 
jects 5, 6, 8, 9 and 10 were used in the previous 
study in which the thiamine intake was restricte 
to 150 micrograms. At the beginning of^ t ^ 
previous study the excretions of thiamine in^ ' 
cated that an intake of 850 micrograms of thia 
mine was adequate, although the period of meas 
ured intake at this level was only six days as 
compared with sixteen days in this later stu y- 
A period of fifty-four days had elapsed between 
the two studies and during fifty days these su 
jects were allowed an unrestricted diet supp c 
mented with 2.5 mgm. of thiamine chloride an 
10 grams of brewers' yeast daily. Just prior ^ o 
the second study the thiamine supplement v-as 
increased to 7.5 mgm. for four days. The ^crc^ 
tions of thiamine by these subjects (5, 6, 8, 9 an 
10) did not differ significantly from the excretions 
of the other subjects of Table II who had 
only the ordinary institutional diet prior to t e 
period of study. There is thus no indication m 
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TABLE I 

ExcTclion of Ihiamine before and after a lest dose when the diet furnished 150 mkrograms of thiamine 


Subject 

Aire 

Weight 

Height 

Thiamine 
content 
of diet 

Inlen'al 
of intake 
level 

Twenty-four- 
hour excretion 
before injection 
of I ingm. of 
thiamine 

Twenty-four- 
hour excretion 
after injection 
of 1 mgm. of 
thiamine 

Extra 

excretion 

after 

test 

dose 

Extra 

excretion 

after 

test 

dose 

1 

srarj 

29 

S7 

cm, 

163 

microcrarni 

700 

150 

ISO 

>10000 

850t 


tnicToerams 

99 

IS 

26 

124 

micTopams 

75 

81 

458 

. 

mteropams 

60 

55 

334 

iP cent of 
test dose 

6 

6 

33 

2 

21 

54 

157 


■9 

90 










19 

49 

30 

3 





iH 


12 

44 

32 

3 






17 









■■■»» III 

17 

124 

570 

446 

45 

3 

25 

46 

160 



90 










11 

63 

52 

5 







12 

31 

19 

2 





iB 

17 









850t 

17 

256 

405 

149 

15 

4 

24 

51 

157 



105 










11 

72 

61 

6 





150 


21 

80 

59 

6 





> 10000 

17 









850t 


172 

473 

301 

30 

5 

23 

57 

162 

8S0 

6 

320 








ISO 

68 

30 

79 

49 

5 





ISO 

88 

17 

32 

IS 

2 






33 









850 

5 

400 

652 

252 

25 





ISO 

4 

35 

208 

173 

17 

6 

33 

51 

158 

850 

6 

124 








ISO 

88 

7 

69 

62 

6 






33 










5 

385 

613 

228 

23 





ISO 

4 

41 

181 

140 

14 

8 

46 

48 

161 

850 

6 

98 








ISO 

88 

9 

40 

31 

3 





> 5000 

33 









850 

5 

255 

510 

255 

26 





150 

4 

45 

166 

121 

12 

9 

26 

70 

159 

850 

6 

68 








150 

88 

9 

22 

13 

1 





> 5000 

33 









850 

5 

254 








ISO 

4 

75 

230 

155 

16 


The customary institutional diet of the subject was calculated to contain 650 to 750 micrograms of thiamine. A 
P'’®^™inary period of measured diet was not obtained. 

T After the (wriod of restricted intake of thiamine the diet was unrestricted and was supplemented with 10 mgm. of 
“I'aiBine chloride and 10 grams of brewers’ yeast daily, September 12 to 29, 1939. A controlled diet which contained 
850 micrograms was instituted September 29. The test was conducted October 16, 1939. 


the excretions of a store of thiamine. Unfor- 
tunately, a test dose was not given at this time. 

In Table II are presented the results of the 
administration of the test dose twenty-eight and 
ninety-eight days after restriction of the intake 


of thiamine to 450 micrograms. The values for 
the ordinary trventy-four-hour excretions on the 
twenty-eighth day are within the range of 10 to 
33 micrograms, with an average value of 16 mi- 
crograms. The values for the ninety-eighth day 
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Excreliofi of thiamine before and after a test 


Subject 


Age 


Weight Height 


TABLE II 

dcs^whm,l,edMJ„r„M,i 450 micros, am. of Ihiamia. 


Thiamine 
content 
of diet 


Interval 
of intake 
level 


Twenty-four- 
hour excretion 
before injection 
of 1 mgm. of 


5 

years 

23 

kgm. 

57 

cin^ 

162 

microgram 

850 

450 

450 

days 

16 

28 

98 

micrograms 

135 

14 

24 

6 

33 

51 

158 

850 

16 

128 





450 

28 

10 





450 

98 

18 

8 

46 

48 

161 

850 

16 

64 





450 

28 

14 





450 

98 

23 

9 

26 

70 

159 

850 

16 



74 





450 

28 

19 





450 

98 

21 

10 

28 

53 

154 

850 

16 

73 





450 

28 

17 1 

11 

39 

49 

158 

850 

16 

136 





450 

28 

16 





450 

98 

14 

12 

39 

53 

168 

850 

20 

96 





450 

28 

11 





450 

105 

18 

13 

37 

85 

157 

850 

20 

100 





450 

28 

33 

. 




450 

98 

23 

14 

45 

55 

166 

850 

20 

140 





450 

28 

19 






450 

98 

16 

15 

41 

68 

173 

850 

9 

57 





450 

28 

13 

■ ' . — 

.. 



450 

98 

28 

16 

23 

65 

172 

850 

20 

86 





450 

28 

12 





450 

98 

21 


Twenty-four- 
hour excretion 
after injection 
of I mgm, of 
thiamine 


micrograms 

110 

116 


77 

89 


85 

60 


75 

30 


55 


116 

104 


126 

21 


86 

63 


95 

93 


85 

94 


110 

92 


Extra 
excretion 
of thiamine 
after 
test 
dose 


micrograms 

96 
92 


67 

71 


71 

37 


56 

9 


38 


100 

90 


115 

3 


53 

40 


76 

77 


72 

66 


98 

71 


Extra 
excretion 
of thiamine 
after 
test 
dose 

per cent of 
lesi dost 

10 

9 


6 

1 


10 

9 


12 

<1 


5 

4 


7 

7 


10 

7 


tend to be a little higher, with a range of 14 to 
28 micrograms and an average value of 21 micro- 
grams. The extra excretions after the test dose 
are well below those obtained with subjects with 
an adequate intake of thiamine. Three of the 
values (Subjects 9, 10 and 13) for the extra 
excretion following the test dose obtained after 
twenty-eight days are within the range of values 
(1 to 6 per cent of the dose) obtained with the 
subjects who had been given only 150 micrograms 
of thiamine daily for three to five months (Table 
I). Four values (Subjects 5, 6, 8 and 14) were 
outside this range by only 1 or 2 per cent and 


four were in the range of 10 to 12 per cent. 
There were no very significant changes in the 
responses to the test dose after an additional 
period of seventy days on the same restricted 
intake of thiamine with the exception of Subjects 
9 and 12. These two subjects returned less than 
1 per cent of the test dose after ninety-eight 
days. At the end of the ninety-eight-day period, 
symptoms of thiamine deficiency were observed in 
all cases. 

Six of the eleven subjects included in Table H 
were selected for study of the thiamine require- 
ment of normal persons. However, one of the 
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subjects became unable to cooperate satisfactorily 
as a result of the previous restrictions of thiamine 
and, therefore, only five subjects arc considered 
here. Two of them (5 and 6) had been given 
7.5 mgm. of thiamine chloride from December 4, 
1940 to Januarj' 9, 1941 (thirt 3 '-scven days). 
These two subjects had had opportunity to store 
maximal amounts of thiamine and were free from 
any signs of deficiency. The other tliree subjects 
had been maintained for 169 days on an intake of 
less than 450 micrograms dail}', and their stores 
were undoubtedly depicted. On Januarj' 10, 1941, 
and thereafter until June 1, 1941, the intakes of 
thiamine of all five subjects were identical. The 
basic diet was continued and increasing amounts 
of thiamine chloride were given. A given level of 
thiamine intake was maintained until the excre- 
tions became relativelj' constant. The average of 
the values for the dailj' excretions at the various 
levels of intake is given in Table III ; also the 
results of the test dose procedures are given in 
terms of percentage of the dose. The group aver- 
^es of the dailj' excretions are presented graph- 
ically in Figure 1. It will be observed that the 
excretions by Subjects 5 and 6 fell to approxi- 
mately the same level as the excretions of the 
other three subjects at the intake level of 800 
micrograms and then all excretions increased at 
about the same rate as the intake increased. The 
lesponse of Subjects 5 and 6 (Table III) to the 
test dose was essentially constant until the intake 
reached 800 to 1000 micrograms, after which the 
proportion of the test dose recovered in the urine 


rose to an average of 39 per cent of the dose 
when the intake was 2 mgm. The response of 
Subjects 12, 13 and 16 followed a similar pattern 
after the intake level reached 800 micrograms. 
At the lower levels of thiamine intake the recovery 
of the test dose was much less than in the case of 
Subjects 5 and 6. There are unexplained fluctua- 
tions, possibly the result of technical errors, in 
the response to the test dose. For example, the 
responses of Subjects 13 and 16 show a sudden 
fall when the level of intake is 1000 micrograms, 
but this loss is more than made up in the deter- 
mination at the next level of intake. 

The sudden jump in the amount of thiamine 
excreted when the intake was increased from 800 
to 1000 micrograms is worthy of note. The pre- 
vious increment of 200 micrograms (from 600 
to 800) produced an average increase of 45 micro- 
grams in the excretion by Subjects 12, 13 and 16, 
while the excretions by Subjects 5 and 6 dimin- 
ished. The next increment (from 800 to 1000), 
however, reversed the trend of Subjects 5 and 6 
and produced an increase of 105 micrograms in 
the average excretion of all subjects. This finding 
suggests that a level of intake of 800 micrograms 
was just enough for physiologic purposes and 
that above this level a greater amount was ex- 
creted as surplus. Excretion of an average of 39 
per cent of the amount ingested when the intake 
was 2000 micrograms indicates a considerable 
waste of thiamine at this level. 

Since the results of Table III were obtained 
when all of the ingested thiamine over 400 micro- 


TABLE III 

Excretion of thiamine during maintenance at different levels of thiamine intake 


Daily 
intake of 
thiamine 

Good stores 

Poor stores 

Subject 5 

Subj'ect 6 

Subject 12 

Subject 13 

Subject 16 

Average 

daily 

excretion 

Recovery 
of test 
dose 

Average 

daily 

excretion 

Recovery 
of test 
dose 

Average 

daily 

excretion 

Recovery 
of test 
dose 

Average 

daily 

excretion 

Recovery 
of test 
dose 

Average 

daily 

excretion 

Recoverj* 
of test 
dose 

^ierotrams 

micrograms 

per cent 

micrograms 

per cent 

micrograms 

per cent 

micrograms 

Per cent 

micrograms 


400 

434 

17.6 

386 


33 

14.2 

i>6 

7.6 

47 

11 ^ 

600 

196 

20.0 

233 

20.3 

71 

17.2 

57 

17.4 


li-J 

800 

152 

21.2 

126 

19.7 

128 

24.6 

90 

21.3 

101 

18 

1000 

241 

18.6 

216 

26.6 

133 

25.0 

243 

12.9 

iQn 

1? 4 

1200 

282 

28.6 

239 

27.7 

264 

10.8 

219 

25.8 

202 

74 7 

1400 

424 

30.9 

309 

25.4 

403 

21.7 

335 

25.3 


17.2 

1600 

669 

36.5 

498 

35.7 

581 

42.6 

498 

25.8 


31.9 

1800 

699 

42.0 

547 

44.9 

591 

24.4 

596 

36.5 


39.0 

2000 

858 

32.3 

786 

46.1 

770 

52.1 

740 

19.1 

731 

45.8 
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Fig. 1. Excretion of Thiamine in the Urine During Study of Requirement of Thiamine 


grams was in the form of a solution of thiamine 
chloride, it was necessaiy to determine the excre- 
tions when all of the ingested thiamine was de- 
rived from the food. When diets, which contained 
1000, 1500 and 2000 micrograms of thiamine in 
the component foods, were consumed, the values 
for the urinary excretions of thiamine were within 
the range of values recorded in Table III at these 
same levels of intake. It thus appears that thia- 
mine is utilized as effectively when it is ingested 
as an aqueous solution of thiamine chloride as 
when it is ingested as natural vitamin in 
foodstuffs. 

There are many occasions when complete col- 
lection of urine for twenty-four hours is incon- 
venient or even impossible, whereas collection for 
a period of four hours should be readily obtained. 
A further study of the four-hour test is under 
way to determine the relation between the nutri- 
tional state with respect to thiamine and the 
magnitude of the response to the test dose with 
a four-hour collection of urine. 

COMMENT 

Examination of the data presented in Table I 
reveals that after 169 and eighty-eight days of the 


severe restriction of thiamine, at which times a 
state of vitamin deficiency was well developed 
in all cases, the extra excretion of thiamine after 
the test dose was 1 to 6 per cent of the dose. It 
also should be noted that at this time the ordinary 
twenty-four-hour excretions were within the range 
of 7 to 26 micrograms. It will be observed that 
when the nutrition with respect to thiamine was 
adequate the response to the test dose with one 
exception (Subject 3) resulted in values for the 
extra excretion of thiamine of more than 20 per 
cent of the dose. There is thus a distinct separa- 
tion of the response of the subjects in a state of 
marked thiamine deficiency from the response of 
those receiving an adequate supply of thiamine. 
However, the greatest value of a laboratory test as 
an aid to diagnosis would lie in its application to 
those borderline cases in which frank symptoms of 
a state of deficiency are not evident. 

The value of measurement of the excretion of 
thiamine and of the test-dose procedure may be 
estimated by consideration of the clinical condition 
of the subjects in Table II in conjunction with the 
laboratory data. Fatigue, lassitude, anorexia and 
mental depression were evident in some instances 
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at the twenty-eighth day but a definite diagnosis 
of thiamine deficiency could not be made at that 
time on the basis of these symptoms or other labo- 
ratorj' data. The urinary' excretions furnished 
the only unequivocal evidence of thiamine de- 
ficiency. On the ninety-eighth day the signs and 
sjTnptoms and other laboratory' data which have 
been described elsewhere were sufficiently definite 
to merit a diagnosis of thiamine deficiency wthout 
reference to the data on the urinary excretion. 
\\Tien a state of thiamine deficiency' has progressed 
to such a degree that it can be diagnosed from 
sj-mptoms alone, determination of the urinary ex- 
cretion has merit as a confirmatory procedure, but 
in the differentiation between a state of thiamine 
deficiency similar to that on the twenty-eighth day 
and other conditions which give rise to like sy'mp- 
toms, determination of the urinary excretion can 
be the decisive factor. 

It is evident from the results presented that, in 
general, the ordinary excretion affords as much 
information as to the physiologic state with respect 
to thiamine as does the test-dose procedure. It is 
of value, however, to have the results of both de- 
terminations when possible and, of course, it is 
necessary to determine the ordinary excretion prior 
to administration of the test dose when Uventy'- 
four-hour collections of urine are made. 

It is to be noted that the usual consequence of 
a restriction of the dietary intake of thiamine to 
450 micrograms or less is a rapid fall in the values 
for the ordinary excretion of thiamine during 
twenty-four hours and in the recovery of the test 
dose in the urine. Since there is this close correla- 
tion betrveen immediate intake and excretion both 
before and after a test dose, an estimate of the 
duration of the deficient intake of thiamine carmot 
be made on the basis of excretion studies. 

We have previously reported that the excretions 
by Subjects 1, 2, 3 and 4 remained at essentially 
a normal level for approximately three months 
3-fter restriction of the thiamine intake. The 
amount of thiamine excreted by all other subjects 
rapidly decreased when the ordinary diet was 
changed to one which furnished an inadequate 
amount of thiamine. We are unable to explain 
the divergence of our first observations from our 
later ones which are in agreement with the observa- 
tions of other investigators (IS, 16, 17). 


The foregoing statements do not necessarily ap- 
ply, however, when the intake of thiamine has been 
much greater than the minimal requirement for a 
month or more. Subjects 5 and 6 (Table III) 
furnish examples of what the excretions may be 
under these circumstances. Subjects 5 and 6 re- 
ceived 7.5 mgm. of thiamine chloride for thirtj'- 
seven days. Then they were placed for five days 
on a diet which furnished 400 micrograms of thi- 
amine and for twenty-two days on a diet which 
furnished 600 micrograms. The intake of thi- 
amine was thus definitely deficient, as judged by 
all the criteria available, for t%venty-seven days, yet 
at the end of that period the twenty-four-hour ex- 
cretions were 140 and 107 micrograms, respec- 
tively, and 20 per cent of the test dose was recov- 
ered in the urine. These values ordinarily would 
be considered indicative of an adequate intake. 
When these values are compared with the corre- 
sponding values of 88, 38 and 65 micrograms for 
Subjects 12, 13 and 16 and with recoveries of 14 
to 17 per cent of the test dose, it is obvious that 
Subjects 5 and 6 must have been drawing upon a 
store of thiamine. In these instances the excre- 
tions and responses to the test dose did not indicate 
the inadequate intake but did show adequate nutri- 
tion with respect to thiamine of these ttvo subjects. 

The results obtained tvith Subjects 5, 6, 8 and 9 
(Table I), after treatment with more than 10 
mgm. of thiamine daily for thirty-three days, also 
give evidence of a retention of thiamine which 
resulted in elevated twenty-four hour excretions 
after five days on a diet which furnished 850 mi- 
crograms of thiamine and which also resulted in 
elevated, although substandard, responses to the 
test-dose procedure after a further period of five 
days with an intake of 150 micrograms. The de- 
crease in the response to the test-dose procedure 
during the latter period again illustrates the usual 
close relation between the level of intake of thi- 
amine and this response. 

As previously mentioned, the data in Table III 
suggest that the minimal intake of thiamine to 
supply the physiologic needs of five of these sub- 
jects was 800 micrograms, or 0.4 mgm. per thou- 
sand calories. At this level, the average rvalue for 
the twenty-four-hour excretion was 119 micro- 
grams and the average recovery of the test dose 
was 21 per cent. Allowing for inaccuracies in the 
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It is generally accepted tliat when erythrocytes 
are suspended in hy])otr)nic solutions they first 
take up water and swell, and then at some critical 
tonicity burst and allow hemoglobin to escape. 
While there are many indications that the permea- 
bility of these cells to both isalts and water may 
vaiy- considerably in different conditions (1. 2. 3). 
quantitative data on the osmometric behavior of 
either normal or abnormal erythrficytes are scarce. 
Methods used in clinical studies of the osmotic 
fragility of eiythrocytes are mostly limited to 
qualitative observations of hemolysis as an indi- 
cation of the rupture of the cells. 

Quantitative methods for estimating the amounts 
of hemoglobin liberated from erythroevtes in .=alt 
solutions of different tonicities were devised in 
1903 by Arrhenius and iMadsen (4) and in 1921 
by Hastings (5), each making use of visual col- 
orimetr}’ ; and recentU' Waugh and Ashennan 
(6) and Hunter (7) used photoelectric colorim- 
etr}’ for the same purpose. Such methods per- 
mit the estimation of the number of cells ruptured 
at each step of a hemolytic series but tell nothing 
of the osmotic behavior of the cells during stages 
of their swelling up to the point of rupture. In 
1939 we developed a method (8) for measure- 
ment of changes in volume of eiythrocytes in 
hypotonic salt solutions, but this method did not 
account for the swelling of cells remaining intact 
after hemolysis of part of the cells at critical 
tonicities. That method has since been elaborated, 
as ere described, to include quantitative measure- 
nients*of hemolysis as well as the volume of the 
red cells at each tonicity in a series. These paral- 
lel determinations permit the calculation of the 
p-elling of intact cells both before hemolvsis 
legins and in solutions where partial hemolysis 
has occurred. Data obtained by this method in 
studies of normal human eiy-throcytes are re- 
porte here. Data on abnormal types of human 
D rocytes and erythrocytes of a number of 
other species will be reported later. 


METHOD 

Apparatus. Tlie modified Van Allen hematocrit tube 
illustrated in Figure 1 contains 8.0 cc. when filled to the 
upper mark, and the graduated portion of the stem (100 
divisions, numbered by tens) contains 0.02 cc. It is 
necessary that the bulb of the pipette should slope steeply 
and smoothly into the stem so that no cells will stick at 
the shoulder during centrifugation. For centrifugation of 
a series of the pipettes, we use the International Centri- 
fuge T\-pe SB, Xo. 2, with 8-place head and 3-place 
trunnion carriers. The pipettes, each sealed with a spring 
clip as shown in Figure 1, are placed in 15 cc. centrifuge 
tube holders. The Evelyn photoelectric colorimeter (9) 
is used with the light filter 540 for measurement of 
hemoglobin concentrations. 

Solutions. Salt solutions of different concentrations 
varying from 0.9 to 0.1 per cent sodium chloride are 
prepared and kept as described previously (8). 

Blood samples. Either defibrinated or heparinized blood 
may be used. As stated in the earlier paper (8), best 
results are obtained if the volume of cells is above 30 
per cent. 

Procedure. Fit a rubber suction tube with mouthpiece 
to the upper end of the pipette and draw blood into the 
stem to the 100 mark. After wiping excess blood from 
the tip draw the blood into the bulb and, after it, the 
appropriate salt solution to fill the bulb almost to the 80 
cc. mark. By not filling the pipette quite to the mark at 
this stage, an air bubble is left in the bulb to facilitate 
mixing. Mix by inverting the pipette repeatedly, with a 
finger placed over the upper end. Make the dilution of 
blood in 0.9 per cent XaCl solution in duplicate. Fill 
thus an appropriate number of pipettes (usually a series 
of 12) with solutions of XaQ decreasing in concentra- 
tion to that which gives complete hemolysis as judged by 
the eye. Choice of decrements in concentrations may be 
made to suit the needs of individual experiments, the 
smaller decrements of 0.025 per cent being used in the 
range where hemob^sis is expected to occur. In the same 
manner, dilute the blood with distilled water in the last 
pipette of the series. Keep the filled pipettes in a hori- 
zontal position for one hour. Since the cells settle and 
may adhere to the glass, resuspend them at the end of the 
hour by repeatedly inverting the pipettes as before. 

Centrifuge the pipettes 20 minutes at 2500 to 3000 
r.p.m., and read the height of the column of packed red 
cells in per cent (see Table I). Add distilled water 
through the top of each pipette to bring the fluid to the 

-0 cc. mark. Then withdraw the fluid from each bulb by 
means of a long thin-stemmed pipette and transfer it to 
a colorimeter tube. To insure absence of turbidity, add 
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Fig. 1. Blood Diluting Pipette, a Modified Van 
Allen Hematocrit Tube (14) 

Made by Macalaster Bicknell Company, 243 Broadway, 
Cambridge, Mass. 


a drop of concentrated ammonium hydroxide to each, a 
few minutes before the colorimetric readings are to be 
made. Read the light transmissions in the Evelyn instru- 
ment, with the filter 540. Use the fluid from the first 
pipette of the series (0.9 per cent NaCl) as the blank 
for adjustment of the galvanometer. Light transmission 
of this fluid is usually slightly less than that of distilled 
water, presumably owing to substances in the blood 
plasma. 

To determine the total hemoglobin content of the blood 
dilute a portion 1 : 400 in distilled water, and transfer this 
“total" hemolysate, uncentrifuged, to a colorimeter tube. 


Shortly before reading its limit transmission, add to it a 
drop of coiicciitratecl ammonium hydroxide to insure both 
complete hemolysis and absence of turbidity. 

bor calculating the per cent hemolysis in each fluid of 
tile scries, all the galvanometer readings may be con- 
verted to hemoglobin values by means of a previously es- 
tablished factor or calibration curve, and these in turn 
converted to percentages of the total hemoglobin ; or more 
directly, the density or L value {L—Z — hg G) of each 
fluid may be divided by that of the total hemolysate to 
obtain tlie per cent hemolysis.^ 

Divide the readings of the height of the column of cells 
in the stem of each pipette by that of the first tube, and 
multiply by 100 to express the cell volumes in percentages 
of the initial volume of the cells in 0.9 per cent NaCl 
solution.- Where partial hemolysis has occurred, calculate 
the volume of the intact cells by correcting the obsen'ed 
volumes for the loss of cells by hemolysis. Table I illus- 
trates the tabulation of data thus obtained on the erythro- 
cytes of a normal infant. For example, in 0.425 per cent 
NaCl solution the cells in the stem of the pipette occupied 
a volume (reading 55.6) equal to 142 per cent of the 
volume of cells in the first pipette; but these intact cells 
were only 81.6 per cent (100 — 18.4 per cent hemolysis) 
of the original number. Therefore, 142 -^ 81 . 6 X 100 = 
174 = the corrected volume of the intact cells in per cent 
of their initial volume. 


^ In some instances the advisability of using the hemo- 
globin content of tbe centrifuged water hemolysate (the 
last tube of the series), as representing complete hemoly- 
sis, might be considered. With normal bloods the dif- 
ference between this and the total hemoglobin is small, 
but the difference varies greatly with different types of 
blood, and is greatest with the erythrocytes of sicklemia; 
in some cases the centrifuged water hemolysate may con- 
tain only 90 per cent or less of the total hemoglobin. 
Ponder has called the hemoglobin thus centrifuged out 
“residual hemoglobin” and finds that it is adsorbed on tbe 


ghosts (personal communication). 

- For the studies described later under results, the 
volume oi cells in each sample of heparinized blood was 
ietermined by centrifugation of the undiluted blood m 
eapillary tubes at about 12,000 r.p.m. for 5 minutes (10)- 
riie cell volume thus determined was usually from 0.5 to 
Z volumes per 100 volumes of blood lower than the ^ol 
unie read in the first Van Allen tube; such a difference 
night be due to a difference in packing of the cells at 
Jifferent speeds (although longer spinning in the Van 
?\llen tubes did not pack the cells further) or to a slight J 
ligher real volume of the cells in the 0.9 per cent Na 
solution. As a basis for comparison of different bloocs, 
it was deemed preferable to calculate the volumes of t le 
:ells in the series of hypotonic solutions in percentages o 
;heir volume in 0.9 per cent NaCl solution (the first tube) 
-athcr than in the undiluted blood. For some purposes, 
lowever, it may be better to use the cell volume deter 
nined in the undiluted blood as the initial value. 
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TABLE I 

Hemolysis and changes in volume of normal erythrocytes 
diluted 1 : 400 with solutions of sodium chloride 
Initial mean dimensions of these cells are listed as the 
first example of normal infant's blood in Table II, and 
the changes are shown graphically, for comparison with 
expected swelling of the cells, in Figure 2, 



Hemo- 

lysis 


Volume of cells 

NaCl 

' Read- 
ings 

Uncorrcctcd 
for hemolysis 

\ Corrected 

for hemolysis 


i?er 

■ fier 

ter cent of volume 

ter cent of volume 

ani 

unt 

cent 

in ^Tst tube 

in frzt tube 

0.900 

0 

39.2 

100 


0.800 

0 

42.S 

108 


0.700 

0 

47.2 

120 


0.600 

0 

51.4 

131 


0.550 

0 

5S.4 

141 


0.525 

0 

58.6 

149 


0.500 

0.6 

60.4 

154 

ISS 

0.475 

4.0 

62.4 

1S9 

166 

0.450 

9.3 1 

61.0 

156 

172 

0.425 

18.4 ! 

55.6 

142 

174 

0.400 

45.8 

35.0 

89 

165 

0.375 

65.6 

19.4 

50 

144 

0.350 

80.5 

7.6? 

19? 

99? 

0,325 

HjO 

91.5 

97.9 

? 

0? 



APPLICATIONS OF THE METHOD AND RESULTS 

In applying the method to studies of the osmo- 
metric behavior of erythroc 3 ^es, further measure- 
nients and calculations were made following a 
plan of study suggested in recent papers by Haden 
(11, 12) and Ponder (2, 3). 

The red cells in each sample of heparinized 
blood were counted with a hemoc 3 d:ometer as usual, 
their volume in the undiluted blood was deter- 
mined by the method of Guest and Siler (10), 
and their mean volume was calculated in the usual 
manner by dividing the volume of the cells by 
their number per c.mm. of blood. The mean diam- 
eter of the cells was read from stained films by 
means of the Haden-Hauser erythrocytometer 
(13) with a drop of 0.9 per cent NaCl solution 
and cover glass placed over the blood film. From 
values for the mean volume and mean diameter, 
the mean thickness of the cells was calculated by 
the formula T = Their mean surface area 

was calculated as that of a flat disc of the given 
thickness and diameter, and the volume of a 
sphere with this surface area was calculated. The 
per cent swelling which the cells would undergo to 
become spheres with the same mean surface area 
was then obtained from the ratio of their initial 
mean volume to that of the spheres to which they 


might be converted without exceeding this surface 
area (i.e., without rupture of the cell membranes). 
The latter value was designated “expected maxi- 
mal volume." 

The “expected osmometric volume” of the cells 
at each tonicity (i.e., the volume they should at- 
tain if they behaved as perfect osmometers) was 
calculated according to Ponder’s formula : F = 
W(l/T — 1) -f- 100; where V = the new volume 
of the cells in per cent of their initial volume; 
IV — the percentage by volume of water in the 
cells, taken as 70 per cent ; ® T = the ratio of the 
tonicity of the medium to 0.9 per cent NaCl solu- 
tion (i.e., with 0.45 per cent NaCl, 7’= 0.5); 
100 = the initial volume of the cells. 

Figure 2 illustrates the swelling and hemolysis 
of the erythrocytes of a normal infant (data in 
Table I). The swelling (curves 2 and 3) closely 



Fig. 2. The Blood of a Normal Infant, J. P., 14 
MONTHS OF age; Hemolysis and Changes in Volume 
OF Erytheocytes in Hypotonic Salt Solutions (data 
LISTED IN Table I) 

Hemolysis is expressed in per cent of the total hemo- 
globin in the sample. Cell volumes are expressed in per 
cent of the initial volume of the cells in 0.9 per cent 
NaCl solution. The symbols represent, respectively: 1. 
Hemolysis; 2. Observed cell volume; 3. Cell volumes 
corrected for hemolysis, i.e., the volume of the unhemo- 
lyzed cells; 4. Expected maximal mean cell volume cal- 
culated from the mean surface area according to Haden; 
5. Expected osmometric volume of the cells at different 
tonicities, calculated according to Ponder, assuming the 
initial water content of the cells to be 70 per cent 

^In different papers on this subject Ponder used the 
figures 67 per cent (2) and 60 per cent (3) for the water 
content of rabbit erjihrocytes. Our own data on the 
water content of human erj-throcjtcs, determined by dr)'- 
ing at 105°, average around 70 per cent 
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TABLE II 

The swelling, expected and found, of normal human erythrocytes in hypotonic salt solutions 
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A Volume of a perfect osmometer, in per cent of its initial volume, assuming the initial water content to be 70 per 
cent by volume. 

* Values in per cent of the initial volume of the cells determined in 0.9 per cent NaCl solution. 


approached at all points that expected in a perfect 
osmometer (curve 5), and the maximum swelling 
at the peak closely approached that predicted from 
the surface area (broken line 4). 

In Table II are listed data on several samples 
of erythrocytes of normal adults, children, and 
infants. They are arranged for comparison of 
the maximal volumes found in each case with the 
respective “osmometric” volumes expected at the 
tonicity where maximal swelling was found, and 
the expected maximal volumes calculated from the 
initial mean dimensions cited. The maximal vol- 
umes attained by the erythrocytes of normal sub- 
jects were about 175 per cent of the respective 
initial volumes, and among these there was little 
variation from this figure. In most instances the 
maximal swelling was attained in 0.425 per cent 
NaCl solution, and it was rarely found outside the 
range from 0.475 to 0.400 per cent NaCl. The 
few observations made on the erythrocytes of 
newly born infants (large cells) indicated that the 
osmotic behavior of these cells was approximately 
like that of the normal erythrocytes of older indi- 
viduals, although the maximal swelling of these 


cells was somewhat less, percentum, than that of 
the smaller erythrocytes of adults. 

Effects of varying dilutions and of washing the 
cells. The maximal swelling and beginning he- 
molysis of erythrocytes diluted with hypotonic 
salt solutions in the 8.0 cc, pipettes were found to 
occur at tonicities of salt solution slightly higher 
(about 0.025 per cent of NaCl) than in the orig 
inal Van Allen pipettes with smaller bulbs, u^ 
as described in our earlier paper (8). The dm 
tion of blood is approximately 1:100 in the ong 
inal type of pipette, and 1 : 400 in the 8.0 cc. 
pipette. The maximum swelling of the cells was, 
however, the same at both dilutions. 

When normal erythrocytes were washed by cen 
trifugation in 0.9 per cent NaCl solution, nesus 
pended in the salt solution (to give about 30 p^t 
cent volume of cells), and then tested as ct 
described, the washed cells tended both to s've 
and to be hemolyzed at a slightly higher tonici y 
than the unwashed cells ; but the maximum vo um 
attained by the washed and unwashed cells was 
the same. Further studies of the effects of wasi 
ing normal and abnormal types of erythrocyte 
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with salt solutions of different tonicities have been 
made and will be reported later. 

DISCUSSION 

The foregoing observations on normal human 
erythrocytes support the general validity of two 
principles which have been formulated regarding 
the swelling of these cells in hypotonic salt solu- 
tions, The thesis of Ponder and others, that 
eiythrocytes behave within certain limits as per- 
fect osmometers, is supported by the close agree- 
ment found between values for “expected osmo- 
metric swelling” and for the cell volumes deter- 
mined at each tonicity. The thesis of Haden and 
others that the maximum swelling of erythrocytes 
is limited by an inelastic surface membrane is 
supported by the close agreement found between 
values for the maximum swelling expected, i.e., 
calculated from the mean surface area of the 
cells, and the maximum cell volumes determined 
in each of the examples cited here. Similar studies 
of other types of erythrocytes have, however, 
yielded results indicating that the osmotic be- 
havior of certain abnormal red cells does not 
conform to these principles. Data on abnormal 
human eiythrocytes will be reported in a later 
paper. 

The shapes of the curves 2 and 3 in Figure 2, 
representing changes in volume of the cells after 
the point of beginning hemolysis, lead to specula- 
tion on the way in which cells of any given sample 
may differ amongst themselves in their osmotic 
behavior. Since the observed swelling, up to the 
point of beginning hemolysis, corresponds closely 
to that expected in a perfect osmometer, it would 
appear that all the cells in normal bloods swell 
proportionately alike in all solutions of the series 
up to this point. There exists a possibility, how- 
ever, that the observed swelling merely represents 
t e mean, and that at different tonicities some 
® more and some less than the average 
ee s in the whole sample. The fact that the curve 
a s off in the stages following about 50 per 
cent hemolysis suggests that the cells remaining 
un emolyzed at this point either did not swell to 
e ^me degree as the others or that they became 
a er after attaining a maximal volume. 

Several explanations may be offered to account 
c the apparent dissimilarities in osmotic be- 


havior thus observed among the cells of one sam- 
ple. Due to different physical or chemical char- 
acteristics, the more resistant cells {i.e., those 
hemolyzed at lower tonicities) might not follow 
the osmotic law and their swelling might there- 
fore lag behind that of the cells which hemolyze 
first. The dimensions of the unhemolyzed cells 
might not correspond to the recorded mean meas- 
urements, in which case their expected maximal 
swelling would differ from that predicted from the 
mean measurements of all cells in the sample. 
There is a possible fallacy in the assumption that 
10 per cent hemolysis, measured by the amount 
of hemoglobin in the supernatant fluid, represents 
the rupture of 10 per cent of the initial number of 
cells in the sample; this amount of hemoglobin 
would not represent the same proportion of cells 
if it were derived all from small cells or all from 
big cells. While it is generally believed that the 
hemolysis of individual erythrocytes is “all or 
none” at the point of rupture, it is conceivable 
that the more resistant cells may lose part of their 
contents without the rupture needed to liberate 
hemoglobin; thus the salts might escape from 
some cells more easily than from others, leading 
to less swelling if this occurred before the peak, 
or to shrinkage if it occurred when they were 
swollen to the maximum. Such considerations 
assume greater importance with regard to eiythro- 
cytes found in diseases characterized by abnormal 
red cell fragility. 

To see whether differences in certain character- 
istics of the more resistant cells could be demon- 
strated, the following experiments were made. 
Samples of blood drawn from normal persons 
were diluted in centrifuge tubes with hypotonic 
salt solutions of tonicities chosen to produce from 
25 to 72 per cent hemolysis. After standing an 
hour the tubes were centrifuged, the supernatant 
fluid was drawn off (its hemoglobin content was 
determined to measure the extent of hemolysis), 
and the cells were resuspended in a small volume 
of physiological salt solution. Determinations of 
cell count, cell volume, and hemoglobin content of 
this preparation were made and values calculated 
therefrom for the mean volume, mean hemoglobin 
concentration, and mean hemoglobin content of 
the unhemolyzed (more resistant) cells. These 
values did not differ notably from the mean values 



262 


GEORGE M. GUEST AND MARY WING 


determined on all the cells of the original samples. 
While it thus appeared that the resistant cells did 
not differ materially in these characteristics from 
the less resistant ones, subsequent tests of these 
cells showed a slightly different behavior with re- 
gard to swelling and hemolysis when resuspended 
in the series of hypotonic solutions. Further 
studies of the effects of washing cells with hypo- 
tonic saline will be reported in later communica- 
tions. 

SUMMARY 

Parallel measurements of the swelling and he- 
molysis of erythrocytes suspended in hypotonic 
salt solutions were made by means of a modified 
Van Allen hematocrit tube with a bulb calibrated 
to contain 8.0 cc. of fluid. 

The swelling of normal human erythrocytes 
thus measured followed closely that expected if 
they behave as perfect osmometers. 

The maximum volumes attained by normal hu- 
man erythrocytes agreed closely with predictions 
based on their mean surface area calculated from 
their initial mean volume, diameter, and thickness, 
thus supporting the view that the erythrocyte can- 
not distend beyond the limit set by its surface area. 
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In a recent publication (1) the authors have 
described the presence in urine of certain fluores- 
cent substances which were found to vary in a 
characteristic way in pellagra. One of these sidt- 
stances. designated F,, was found in relatively 
small amounts in normal urine but in larger quan- 
tities in pellagra. The second substance, desig- 
nated F;, developed fluorescence only on the addi- 
tion of alkali. F, was not found in the urine of 
pellagrins but reappeared after nicotinic acid 
therapy. The administration of nicotinic acid to 
normal subjects caused an increased elimination 
of F;. These facts are summarized in Table I, 
which also gives the characteristics of the fluor- 
escent spectra of the two substances with ultra- 
violet light. Photographs of the fluorescent spec- 
tra are shown in Figure 1. 

To explain these phenomena it was suggested 
that Fi was converted into F, through the agenc}' 
of some nicotinic acid containing enzyme, a deficit 
of nicotinic acid causing the accumulation of Fj 
which could no longer be converted into F». It 
was further suggested that the accumulation of 


F, might be related to the photosensitivitj- of the 
skin seen in pellagra. 

Since natural pellagra is seldom an uncompli- 
cated nicotinic acid deficiency (2), it seemed 
desirable to study the e.xcretion of these fluores- 
cent substances in animals with a pure nicotinic 
acid deficiency. 

EXPERIMEXT.VL 

Four dogs were employed in this study. These ani- 
mals had previously been used for a nicotinic acid de- 
ficicnev e.'cperiment, but had subsequently received treat- 
ment with nicotinic acid. There was no reason to believe 
that their recovery was not complete at the onset of the 
present study. Throughout the course of the study the 
animals received unlimited quantities of a black-tongue 
diet consisting of ; 

per cent 

Yellow corn meal 6a 

Cow peas ® _ 

Purified casein 

Sucrose ^ 

Cotton seed oil ^ 

Cod liver oil ^ 

NaCI 1 , 

CaCO: ^-5 


TABLE I 


Features of fluorescent substances as observed in human urine 



F, F; 

Little in normal Much in normal 
urine urine 

Abundant in pel- Absent in pellagra 
lagra 

Fluorescence 

Whitish, violet blue Greenish blue 

Range of 

fluorescent emission 

4000-4800 A” 4200- 5400 A” 

^laximum emission 

4350 A° 4550 A° 


' Read before the Society for Pediatric Research, At- 
City, New Jersey, May 6th, 1941. 

- Aided by grants from Mead Johnson and Company', 
E\an5ville, Indiana, and from the Rockefeller Foundation 
Fluid Research Fund. 

Fleischmann Fellow in ^ledicine. 
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Fic. 1. Photograph of the Fluorescext Spectr,v 
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In addition, supplements of thiamin and vihoBavin were 
given to each dog twice a week in doses of 0.175 nigni. 
per kilogram. Tlie dogs were put in mctaliolism cages 
ever}^ few days in order to obtain 24-hour specimens of 
urine. The urine was collected in bottles containing gla- 
cial acetic acid (3 per cent of the anticipated daily volume 
of urine) and was assayed for F, and Fj in quinine units 
by procedures described elsewhere (1, 3). 

RESULTS 

The course of the and F„ excretion in these 
animals is shown in Figures 2, 3, 4 and 5. It 
may be noted that in all but one of the animals 


the F., excretion at the start of the experiment 
exceeded that of Fj. As the experiment con- 
tinued. Fo excretion gradually decreased to zero; 
this occurred more rapidly in the small dog 
than in the larger animals. The excretion of Fj 
remained at the zero level unless nicotinic acid 
was given. Coincident with the fall of F, in the 
urine, there was a rise in the excretion of F„ 
wliich reached a maximum at or shortly after the 
time that the F„ output ceased. This maximum 
Fj output was, however, not sustained; as the 
diet continued, the F^ showed a gradual decline to 




Fig. 3. Exchetiox of Fluorescext Substances ix Experimextai. Nicotinic Acid 

Deficiency 
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Fig. S. Excretion of Fluorescent Substances in Experimental Nicotinic Acid 

Deficiency 


values approximating those at the onset of the 
experiment. 

• effect of nicotinic acid therapy is shown 
in ogs 624 and 630. The former animal devel- 
oped diarrhea on the 20th day of the experiment 
and was subsequently given a single 50 mgm. dose 
o nicotinic acid orally. This medication caused 
a cessation of the diarrhea, a prompt rise in F- 
an a diminution in F, excretion. The F, ex- 


cretion was shortlived, however. In the next 
specimen it had again disappeared and Fj had 
increased, although the high F^ excretion was not 
sustained. On the 71st day of the experiment a 
second 50 mgm. dose of nicotinic acid was given. 
This too, was followed by the prompt reappear- 
ance of Fj in the urine. The Fj, however, which 
had by then reached a low level, did not fall as a 
result of this dose. Indeed, it may be noted that 
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it showed no change at all for 24 hours, but fol- 
lowing this exhibited a sharp but transitory 
increase. 

The small dog Number 630 showed, in general, 
a similar response to nicotinic acid. On the 21st 
day of the experiment he developed diarrhea. 
His Fi excretion had by that time risen from 20 
to 170 units per day, and his Fo had fallen to 
zero. He was then given SO mgm. nicotinic acid 
a day by mouth for one week. This resulted in 
a rise of Fg to extraordinarily high levels and in 
a simultaneous decrease of F^. Following the 
withdrawal of nicotinic acid, the Fj excretion 
fell to zero in the course of a week, and Fj, after 
a temporary rise, continued to decline steadily 
until the termination of the experiment. 

COMMENT 

The observations made on these animals confirm 
those made on 4 pellagrins studied by us (Table 
II). The dog experiments, like the studies of 
patients, demonstrate the absence of Fa excretion 
and the tendency of F^ to rise. Somewhat un- 
expected, however, was the observation made on 
the dogs that the rise in Fj was not indefinitely 
sustained. In examining the human data from 
this point of view, it is worthy of note that the 
most severe case of all, as judged by history, symp- 
toms and reappearance of Fg in the urine after 
therapy (Patient E), did not show as high an 
Fi excretion as did another definitely milder case 
(Patient S). It now seems likely that the stage 
of high Fi excretion had been passed in this 
severe case, and that the condition was comparable 
to that observed in our dogs after many weeks 
on the experimental diet. 


Although, in general, a reciprocal relation be- 
tween Fi and F, excretion seems to hold, it is 
now apparent that this relationship is not a per- 
fect one. The fall in Fo on withdrawing nicotinic 
acid is not always accompanied by an equally 
prompt and impressive rise in Fj (Dog 630). 
Likewise the administration of nicotinic acid may 
cause a rise in F„ excretion far greater than the 
fall in Fi (Dog 630) or may under other cir- 
cumstances (Patient E) cause a reduction in F, 
without any corresponding rise in Fj. 

In interpreting these facts, one must bear in 
mind the possibility that one or both of these sub- 
stances may be of physiological importance, and 
that the failure of one to appear quantitatively as 
the other disappears may be due to a demand 
made by the body which results in utilization 
rather than excretion. It is also possible that in- 
termediary non-fluorescent compounds are formed 
in the conversion of F^ to Fo. Furthermore, one 
cannot deny the possibility that the reactions caus- 
ing the disappearance of F^ and the appearance 
of Fa are two independent reactions, both of 
which are catalyzed by nicotinic acid. 

The gradual decrease in Fj excretion in the 
later stages of the deficiency also demands an 
explanation. In the absence of knowledge of the 
chemical nature or precursors of this substance, 
this can hardly be discussed with profit at the 
present time. It is hoped that studies now in 
progress will throw some light on the subject. 

SUMMARY 

The fluorescent substances F^ and Fj have been 
followed in the urine of dogs with experimenta 


TABLE II 


Urinary excretion of F\ and^ Ft in pellagrins * 
(Expressed in quinine units) 


Subject 

Severity of symptoms 

Before treatment 

After SO mgm. nicotinic acid by mouth 

Fi 

Fj 

Fi 


W. 

Very mild 

ll 

0 

22 

OiC 1 

18 

17 

H. 

Moderately severe 

38 

0 

26 

11 

S. 

Moderately severe 

104 

0 

60 

Afl 

0 

E. i 

Very severe 

64 

0 

1 40 

4 P O A 

35-50 

Normal control subjects 

10-15 

20-35 

15-20 



* Figures represent excretion during a 4-hour period. 
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nicotinic acid deficiency. Observations on these 
animals are in agreement with those made in 
human pellagra that acute nicotinic acid de- 
ficiency is characterized by the disappearance of 
Fj occretion and a rise in Fj excretion. As the 
disease becomes more chronic, the excretion of 
Fi likewise tends to fall. The effect of nicotinic 
acid in reversing these changes is illustrated. 
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Many investigations have been carried out in an 
effort to determine the purpose and mechanism of 
stveating. Such important contributions as the 
separation' of insensible from sensible perspira- 
tion, the part that evaporation from the skin plays 
in temperature control of the body (1), the dem- 
onstration of the "emotional” sweating of the 
palms, soles and axillae (2), and the absorption 
of ultraviolet radiation by sweat (3) have done 
much to explain the purposes of this important 
physiological function. However, the actual mech- 
anism of sweating is still far from clear. It is 
generally accepted that the sweat glands are inner- 
vated by the sympathetic nervous system but their 
response to parasympathetic stimulants and de- 
pressants only is difficult to understand (4). In 
addition, it is uncertain whether the general sweat 
secretion which follows exposure to high environ- 
mental temperature is a reflex phenomenon re- 
sulting from stimulation of heat receptors in the 
skin, or from the effect of warmed blood bathing 
the heat center in the brain, or from both. Kuno 
(5), for example, concludes that sweating is a 
pure reflex phenomenon except when the tem- 
perature is extreme. Martin (6), on the other 
hand, concludes that the most effective stimulus 
for sweating is a "rise in the temperature of the 
blood supply to the brain.” Best and Taylor (7) 
state that “the usual stimulus to sweat secretion 
is a rise in blood temperature which exerts its 
effect in two ways — directly upon the nervous 
centers, which is of more importance, and re- 
flexly by stimulation of heat receptors in the 
skin.” That sweating can occur by central stimu- 
lation has been well shown (8, 9). 

Much of the work on which these conceptions 
were based was done on animals, and quantitative 
estimations were frequently omitted; conse- 
quently, it appeared that certain aspects of this 
problem might be more adequately studied on 
human beings. If various parts of the sweating 


mechanism could be mvestigated separately, 
namely the sweat glands themselves, the motor 
sympathetic fibers and the sensory temperature 
fibers, it might be possible to determine whether 
the nervous reflex arc in whole or in part is es- 
sential for sweating in the human being. 

METHOD AND APPARATUS 

Of the various ways a'vailable for indicating qualitative 
activity of the sweat glands, a modification of the silver 
nitrate method was found most useful for our purposes 
(10). This test depends on the reduction of silver chlo- 
ride by ultraviolet light. The area chosen for examination 
was carefully cleaned by soap, water, and alcohol. A 
white paper was then firmly pressed against this region 
for one minute. The paper was then removed, and ten 
per cent silver nitrate floated over it. After exposure to 
the sun or an ultraviolet lamp, if the sweat glands were 
active, small brown dots of reduced silver nitrate appeared 
on the paper which varied in number and intensity de- 
pending on the degree of sweat-gland activity. If the 
glands were inactive, no dots appeared. 

The quantitative estimation of both sensible and insen- 
sible perspiration was determined as follows: Room air 
was sucked through a bottle of sulphuric acid and two 
large bottles of calcium chloride, by means of a water 
aspirator. Several preliminary tests indicated that the 
room air was in this way freed of moisture. The air 
then passed through an inverted glass cup with two side 
arms which was snugly applied and sealed by vacuum wax 
to the skin area to be tested. One side arm of the cup 
was attached by tubing to a weighed U-tube filled with 
fresh calcium chloride. Any increase in weight of this 
U-tube was a result of moisture added to the air from 
the surface of skin under the cup. The degree of nega- 
tive pressure was determined by a mercury manometer 
which likewise checked the air-tightness of the apparatus. 
The negative pressure at times caused some discomfort 
to the subject, but checks agamst a positive pressure 
system showed that no excess water vapor was obtained 
in this way. The air flow was controlled and determined 
by a gasometer and the most satisfactory rate was found 
to be between 3 and 5 liters per minute. 

In each experiment dry air was run through the ap- 
paratus for some time to insure the elimination of any 
retamed moisture. The forehead and arm were chosen 
as the most desirable sites for the quantitative measure- 
ments as sweat glands are abundant in these regions and 
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no emotional sweating occurs in them except when psychic 
stimulation is very marked (11). The experiments were 
divided into exact ten-minute periods, and the U-tube was 
weighed and changed at the end of each of these. Control 
periods always preceded the heating periods. The pres- 
ence or absence of sweat gland activity before the heat 
periods was confirmed by the silver nitrate test. 

In those experiments in which heat was applied to an 
extremity, a- radiant heater was used. This heater con- 
sists of a cage, open at both ends, containing a battery of 
eight electric light bulbs. The extremity to be tested was 
inserted into one of the open ends and radiation to other 
parts of the body surface was prevented by a blanket. 
By varying the number of lighted bulbs the temperature 
was maintained at approximately 48° C. 

(1) Normal siveai response to dry heat applied 
to an extremity. The first group of experiments 
was performed on healthy males in order to deter- 
mine the quantitative output of moisture on some 
remote region (forehead or opposite extremity) 
during exposure of an upper extremity to dry 
heat. These experiments served as a control. 
Seven tests were performed, three of which are 
reported in Table 1. As can readily be seen, a 
general pattern is evident in all individuals studied, 
although the total quantitative output of moisture 
from similar areas on the forehead of different 
individuals varies. Likewise the onset of sweat- 
ing after exposure to heat is more rapid in some 
individuals than in others (J. B. and R. J.). 
Undoubtedly the humidity, environmental tem- 
perature, and individual characteristics play a part 
in these variations. But for one exception (I. B.) 
the sweat glands as indicated by the silver nitrate 
test were not secreting prior to the application of 
heat with the individual at rest. In summar}^ 
then, it may be said that on the application of 
heat to one arm the sweat glands on the forehead 
or opposite arm become active immediately or 
after a latent period (R. J.) and a progressive in- 
crease in output of moisture from the region 
studied follows. 

(2) Histological study of the sweat glands in a 
sympathectomised area. Before the reflex mech- 
anism of sweating can be studied, the condition of 
the glands themselves after separation from their 
motor nerve supply must be determined. Severing 
the sympathetic nerve supply to an extremity is a 
common surgical procedure. If denervation is 
complete, diminution or absence of sweat gland 
activity in the sympathectomized region occurs. 


TABLE I 


Normal response 

J.B„ Male, August 4, 1941. Cup on forehead. Room temperature 

26.9-27.7° C. 


Ilcat left arm 


Heat right arm 


Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Heat 48® C. 

grams per 
ISO sj. mm. 
per 10 
minutes 



grams per 
ISO SQ. mm. 
per 10 
minutes 


ist Control 

0.0237 


1st Control 

0.0220 

- 

2nd Control 

0.0231 


2nd Control 

0.0207 

- 

L-1 

0.0338 

+ 

R-1 

0.0270 


L-2 

0.0432 

+ + 

R-2 

0.0342 

++ 

L-3 

0.0436 

-H- + 

R-3 

0.0288 

++ 

L-4 

0.0532 


R-4 

0.0406 



I.B., Male, July 23, 1941. Cup on forehead. Room temperature 
27.7-28.5° C. 


Heat right arm 

Heat left arm 

i 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Period 

1 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Heat 48° C. 
1st Control 
2nd Control 
3rd Control 
R-1 
R-2 
R-3 
R-4 

grams per 
ISO sg. mm. 
per 10 
minutes 

0.0360 
0.0338 
0.0285 
0.0385 
! 0.0409 

' 0.0450 

0.0445 

+ + 
+ + + 
-i- + + 
+ + + 

!-(-+++ 

Ct-1 

Cl -2 

L-1 

L-2 

L-3 

L-4 

grams per 
ISO sg. mm. 
per 10 
minutes 

0.0265 

0.0291 

0.0287 

0.0312 

0.0320 

0.0312 

+ 

+' 
+ + 

+t 
+ + 


R.J., Male, July 14, 1941. Cup on forehead. Room temperature 
25-25.8 C. 


Heat left arm 

Heat right arm 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Period 

Perspi- 
ration . 

Silver 

nitrate 

test 

(Fore- 

liead) 

Heat 48° C. 
C-1 
C-2 
L-1 
L-2 
L-3 
L-4 

grams per 
ISO sg. mm. 
per 10 
minutes 

0.0130 

0.0125 

0.0153 

0.0145 

0.0208 

0.0223 

+ 

-f-f + 

+ + + 

Ci-1 

Cl -2 
R-1 
R-2 
R-3 
R-4 

grams per 
ISO sg. mm. 
per 10 
minutes 

0.0132 

0.0110 

0.0132 

0.0137 

0.0140 

0.0210 

+ 


This surgical procedure prevents motor impulses 
from reaching the sweat glands ; that is, it removes 
the motor side of the reflex arc. The question 
to be determined is whether the anhydrosis resu ts 
from removal of the motor fibers to the swea 
glands or whether it results from some change m 
the sweat glands themselves. Biopsy of the s m 
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in regions to which the sympathetic nerves had 
been severed failed to show any alteration in the 
appearance of the glands, as compared to the 
appearance of the glands in normal regions to 
which the sympathetic nerve supply was intact.^ 
(5) Direct stimulation of szucat glands in sym- 
pathcctoniiccd area by mccholyl. A response of 
denen-ated sweat glands to a sudorific drug would 
be further proof of their integrity. Two women 
with Raynaud’s disease were studied — one with a 
cervical s}TOpathectomy and the other (M. H.) 
with a cervical and lumbar sympathectomy. In 
the former, both sympathetic chains had been cut 
below the 3rd dorsal ganglion and the 2nd and 
3rd intercostal nerves had been severed just proxi- 
mal to their union to form the ner\'e trunks. In 
the second patient (M. H.) a similar operative 
procedure was performed in the dorsal region and, 
in addition, the 2nd and 3rd lumbar ganglia had 
been resected bilaterally. This resulted in a quad- 
rilateral sympathectomy in the second case. The 
first patient had an absence of noticeable sweat- 
ing on the face and upper extremities and the 
second, on the face and all four extremities. In- 
tracutaneous injection in the sympathectomized 
arms of 0,1 cc. of mecholyl in various dilutions, 
containing as little as 25. micrograms per cc. of 
the drug, invariably resulted in activity of the 
sweat glands in the injected area as indicated by 
the silver nitrate test. Injection of 0.1 cc. of 
sterile water as a control solution resulted in no 
activity of the sweat glands. In one instance the 
test was done ten days and in the other one j'ear 
after operation. Judging from the number and 
size of the dots obtained fay the silver nitrate test, 
the response to mecholyl was slightly less vigorous 
in the patient studied one year after denervation, 

(4) Direct stimidation of sweat glands in sym- 
pathectomised area by heat. Procedures 2 and 3 
above demonstrated that sweat glands deprived of 
their sympathetic nerve supply appeared normal 
histologically and could respond to intracutaneous 
injections of mecholyl. It was therefore of in- 
terest to determine whether denervated sweat 
glands could respond to the local application of 
heat. Hot pads applied to the sjmpathectomized 

* We wish to thank Dr. Komel Tcqjlan, Professor of 
Pathologj', University of Buffalo, for securing and ex- 
amining these specimens for us. 


extremities in patient SI. H., with cervical and 
lumbar sjmpathectomy, resulted in activity of the 
sweat glands in these areas as indicated by the 
silver nitrate test. No rise in the rectal tempera- 
ture resulted from this procedure. A similar 
response can be seen in the second experiment 
(Table II) : the sweat glands became active on 
the heated arm in the third heat period in spite of 
the fact that the sympathetic nerves were severed 
to this extremity. No activity of the sweat glands 
on the unheated right arm could be detected; 

(5) An attempt to stimulate the sweat glands in 
a sympathectomized area remote from heated re- 
gion. Procedures 2, 3 and 4 indicated that the 
sweat glands separated from their tympathetic 
nerves not only appeared normal histologically, 
but still responded to intracutaneous injections of 
a sudorific drug (mecholjd) and the local applica- 
tion of dry heat. The next question to be deter- 
mined was whether these denervated glands could 

TABLE II 

Case vtilh cervical and lumbar sympathectomy 
M.H., Female, July 31, 1941, Cup on forehead. Heat, 
applied to right arm. Room temperature 26.6-26.7° C. 


Period 

Perspiration 

Silver nitrate test 
(Forehead) 

Heat 48° C. 
C-1 

grcrr.5 per ISO 
SQ. mm. per 10 
minutes 

0.0255 


C-2 

0.0177 

— 

R-1 

0.0209 



R-2 

0.0185 

* 

R-3 

0.0200 


R-4 

0.0212 

* 


* Torso dripping wet. 


M.H., Female, June 26, 1941. Cup on right arm. Heat 
applied to left arm. Room temperature 27.3-27.5° C. 


i 

Period 1 

Perspiration 

Silver nitrate test 


Right arm 

Left arm 

Heat 48° C. 
C-1 

C-2 

L-1 

L-2 

L-3 

L-4 

L-5 

L-6 

grams per 120 
zq, mm. per 10 
minutes 

0.0313 

0.0276 

0.0279 

0.0274 

0.0268 

0.0292 

0.0283 

0.0293 

It- 1 1 1 1 1 1 1 

*r-r 

-f-f* 

-f-f* 


‘Torso dripping wet. 
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respond to heat applied to a remote area having 
normal sensory innervation. Diy heat by means 
of the electric heater was applied to an arm of 
M. H., the patient referred to in procedure 4 above 
with cervical and lumbar sympathectomy. This 
operation, as described above, would prevent sym- 
pathetic impulses from reaching the areas to be 
studied. Likewise the heated region lacked sympa- 
thetic innervation, but the sensory nerves were 
intact. After a latent period profuse sweating 
appeared on the torso to which the sympathetic 
nerve supply was intact, but there was no sig- 
nificant increase in the amount of moisture ob- 
tained from the forehead or unheated arm to 
both of which the sympathetic nerves had been 
severed. These results are shown in Table 11. 

(d) An attempt to stimulate the sweat glands 
from a remote area lacking heat sensation. It 
appeared from the preceding experiment that 
sweat glands deprived of their sympathetic nerve 
supply would not secrete in response to heat ap- 
plied to a distant region (the arm) possessing 
normal intact sensory innervation. The heat ap- 
plied was sufficient to cause remote sweating in 
normal areas. The experiment to be described 
below was to discover whether sweat glands with 
an intact sympathetic nerve supply would respond 
to heat applied to another region, the sensory 
nerves of which had been destroyed. The patient 
M. L. had absence of pain and temperature sensa- 
tion on his right side following an injury. On 
the application of dry heat to the anesthetic right 
arm, by the method described above, the silver 
nitrate test applied to the forehead showed a posi- 
tive reaction and an essentially normal quantitative 
sweat response was produced on this remote part 
of the body (Table III). (Compare with normals 
in Table I.) Such significant increases in the 
amount of sweating from the forehead were al- 
ways obtained in repeated experiments and, in 
addition, gross sweating was usually seen on the 
face, torso and legs. 

(7) An attempt to stimulate the sweat glands 
in a remote area by heating an a7iesthetised ex- 
tremity. The experiment just described had sig- 
nificance only if there was complete absence of 
sensory nerves from the heated extremity. Con- 
sequentl}-, it was thought wise to duplicate it on 
another individual in whom the interruption of 


TABLE III 

Lack of sensation on right side 

M.L., Male, July 21. 1941. Cup on forehead. Room temperature 
25,2-25.5° C. 


Heat normal left arm 

Heat diseased right arm 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Heat 48° C. 
C-1 

grams per 
ISO sq. mm. 
per to 
minutes 

0.0176 


Ci-1 

grams per 
ISO sq. mm. 
per to 
minutes 

0.0199 

4" 

C-2 

0.0153 


Cl -2 

0.0179 

i 

L-1 

0.0145 


R-1 

0.0174 

± 

L-2 

0.0149 


R-2 

0.0236 

4* 

L-3 

0.0223 

+++ 

R-3 

0.0470 

4- 4- 4* 

L-4 

0.0341 

++++ 

R-4 

0.0267 

-i-+++ 


M.L., Male, June 20, 1941. Cup on forehead. Room temperature 
23,2-25.5° C. 


Heat diseased right arm 


Heat normal left arm 


Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

Period 

Perspi- 

ration 

Silver 

nitrate 

test 

(Fore- 

head) 

1 

Heat 48° C. 
C-1 
C-2 
R-1 
R-2 
R-3 
R-4 

grams per 
ISO sq. mm. 
per to 
minutes 

0.0209 

0.0226 

0.0377 

0.0426 

0.0530 

0.0571 

+ 

+ 

+ + 

+ + + 

Ci-1 

Cl -2 
L-1 
L-2 
L-3 
L-4 

grams per 
JSO sq. mm. 
per to 
minutes 

0.0412 

0.0424 

0.0522 

0.0621 

0.0730 

-F-h 

+ti 

++++ 

-1-+++ 


the sensory nerves from the heated extremity was 
certain. The patient (M. A.) was a 
woman, probably suffering from Raynaud s is 
ease but who had been free from symptoms for a 
year although she had received no treatment dur 
ing that time. A brachial plexus block was es 
tablished on the left side": miosis, ptosis an 
enophthalmos of the left eye were present, a 
there was no anhydrosis. No sensation whatso 
ever was present in the left arm during the cours 
of the experiment. Heating the anesthetized arm 
resulted in copious sweating on the forehea , 
response greater than the control period ^ ° 
the block was performed (Table IV). The ea 
arm appeared perfectly dry and no f 

sweat gland activity could be detected by 
silver nitrate test. 


We wish to thank Dr. Paul Searles,^ 
ssthesia, University of Buffalo, for this di ic 
ert technique. 
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TABLE IV 

Left brachial plexus bloehed 

M.A., Female, August 11, 1941, Cup on right side of 
forehead. Room temperature 22.6-23.5“ C. 


Heat left ann 


Nonnil resSJonse 

After block of left brachial plexus 

Peritxl 

Perspi- 

ration 

(Forehead) 
AgNOi lest 

Period 

Perspi- 

ration 

(Forehead) 
AgNOi test 

C-1 

C-2 

0.0188 

0.0173 

- 

Ci-l 

C,-2 

0.0210 

- 

L-1 

0.0221 

’4' 

Ls-I 

0.0308 

++ 

L-2 

0.0258 

-f-h 

Li-2 

0.0547 

+++ 

L-3 

0.0359 

-1-4- + 

Li-3 

0.0570 

Gross sweat- 
ing risible 

L-4 

0.0385 

+ + + 

Li-4 

0.0686 

{-) 

Left arm 


DISCUSSION 

It is well known that following s)Tnpathectomy 
apparent anhydrosis of the region affected com- 
monly occurs (12). Heating a normal extremity 
for suffident length of time and with suffident 
intensity to cause general sweating in a normal 
person failed to produce a quantitative increase in 
moisture output in remote sympathectomized re- 
gions in the experiments described. Thus it ap- 
pears that the s)mpathetic innervation to the 
sweat glands or the motor side of the reflex arc 
must be intact to obtain a normal sweat response 
to heat applied to a remote region. That the 
sweat glands themselves are not at fault is well 
shown by their response to intracutaneous injec- 
tions of mecholyl and to excessive local heat 
stimulation in areas to which the S}'mpathetic 
nerves have been severed, Lewis and Landis (13) 
have similarly demonstrated that sweating can be 
provoked by pilocarpine. That the response of 
the sweat glands in sympathectomized areas to 
mecholyl and heat is not dependent on any nervous 
mechanism is strongly supported by the work of 
Bickford (14) who was unable to obtain any 
sweating response to a faradic stimulus in an arm 
sympathectomized tivo years predously. Addi- 
tional evidence that the glands themselves are 
normal is afforded by histological study. 

The normal or excessive response of the siveat 
glands in remote areas to heat applied to a region 
deprived of its sensory nerve supply indicates that 
the sensor)' side of the reflex arc is unnecessai)- 
for a normal sweating response. This was well 


shown in two individuals (M. L. and M. A.). 
This suggests that the heated blood acts directly 
on the central nervous sj'stem and results in a 
generalized sweating response except where S)'m- 
patbetic fibers supplying some particular area have 
been severed. Our subject M. A. showed a 
greater sweating response on the forehead on 
application of heat to the arm following anesthesia 
of the brachial plexus than in the control period. 
A possible explanation for this increase might be 
the rasodilatation of the arm vessels due to paraly- 
sis of the vasomotor fibers, with a greater amount 
of blood consequently exposed to the heat than 
during the control period. Thus more heated 
blood was carried to the central nen-ous system 
wnth a greater sweating response. However, some 
hormonal effect as the cause of sweating cannot 
be ruled out. That local stimulation of the sweat 
g ands by the heated blood did not occur is shown 

by the negative silver nitrate test on the treated 
arm. 

to the 

anesftetized arm, to cause activity of the sweat 

contrast to the activity of the sweat glands ob- 
me m I H. (Table 11, E.\-periment II) A 
possible exTlanation for this comradiction is that 

sw^t^Chf plexus blit 

block being perfirirf sensitized, the 

^vhereas in tL patient m'h^T 
was performed nnp S3TOpathectomy 

tizatiorn e Such sensi- 

innervated bv 1 ^"°” P^’enomenon in all tissues 
nnervated by the sjmpathetic nervous system. 


can be seen in sw^t 
The 1 sympathetic nerve suppty- 

ance of th • ^ diemselves, in spite of sever- 
able fr, aimpathetic nerve supply, are still 
mecholvl'^^^™^ intracutaneous injections oi 
In u ^«ssive local stimulation by 
motor sympathetic fibers- ^ 

norm T be intact io 

retTf response to occur in a 

remote from the heated area. 

In spite of the absence of "sensation in ^ 
r^on, a normal sweat response can 
other areas. The sensojy 








c,a 
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consequently unnecessary for a normal sweating 
response to occur following the application of heat. 
This suggests that heated blood acting on the cen- 
tral nervous system is the cause of generalized 
sweating. Whether the heated blood acts directly 
on the so-called heat centers or by liberating some 
hormone which in turn stimulates the centers is 
still uncertain. 

The authors wish to express their gratitude to Dr. Fred 
R. Griffith, Jr., Professor of Physiology, who made many 
helpful suggestions in the carrying out of this work. We 
also wish to thank Dr. J. S. Regan and Dr. Gilbert Beck 
who furnished us the patients for study. The Depart- 
ment of Physiotherapy of the Buffalo General Hospital 
was very helpful in the loan of some of its apparatus 
and assistance in general. 
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The amino acid content of fasting human blood 
ippears to he quite constant. Extensive surveys 
[1) have revealed only a few diseases in which 
he blood amino acid level is modified significantly, 
^.cute yellow atrophy of the liver is associated with 
L rise in amino acids in the blood, whereas hypo- 
iminoacidemia has been reported in patients with 
lephrosis and in pneumococcal pneumonia (2) . 

Clonceming the fasting amino acid level in dia- 
betes mellitus there is little agreement. Several 
nvestigators (la, 3) have observed elevated amino 
icid levels in a few of their diabetic subjects. 
Sreene, Sandiford and Ross (lb) studied 116 
liabetics and observed that the average amino acid 
evel was within normal limits. No accurate data 
an the condition or treatment of these patients 
[vere given. On the other hand, a high blood 
imino acid content has been reported in dogs 
ivith experimentally induced diabetes (4). 

Luck, Morrison and Wilbur (5) observed that 
insulin lowered the amino acid content of blood in 
both experimental animals and normal human sub- 
jects. These results have been confirmed by sev- 
eral investigators (6) using the Folin colorimetric 
method and by Farr and Alpert (7) using Van 
Slyke and MacFadyen's manometric ninhydrin 
method (8). Luck also studied two diabetic pa- 
tients under insulin treatment and observed low 
normal fasting amino acid levels. 

The lack of agreement of existing data on the 
blood amino acid content in human diabetes mel- 
litus, together with the paucity of data on the 
clinical condition and therapy of the patients, 
suggested the present study. 

METHODS 

1. Choice of subjects. A group of twelve severe un- 
treated diabetic patients was studied. All of these pa- 
tients were admitted to the Johns Hopkins Hospital pri- 
marily because of diabetes, although complications (al- 
veolar abscess, chronic sinusitis, chronic infection of hand) 
were present in several instances. In four of the twelve 
patients, the CO, combining power was above 50 volumes 
per cent on admission. The other eight patients were in 
moderate to severe acidosis (Table I). 


2. Method of study. In all cases, blood was drawn 
immediately after entry. In no case had nourishment been 
taken in the preceding three hours. Subsequent blood 
specimens were then drawn at various intervals during the 
course of therapy. The patients with severe acidosis were 
given hourly injections of insulin, with supplementary 
carbohydrate as indicated. Nitrogen balance studies were 
made on two patients. 

In three of the patients, glycine {027 gram per kilo) 
was given intravenously and the effect on the blood and 
urinary amino acid, urea, and sugar levels was studied. 
From these data, the rate of deamination was estimated. 
These patients were studied subsequently during insulin 
treatment. 

3. Chemical methods. The amino acid content of the 
blood plasma was determined by the manometric ninhydrin 
method of Van Slyke and MacFadyen (8b). This method 
is considered to be more specific than previous methods, 
and gives somewhat lower values. Normal limits, as 
given by Farr and MacFadyen (2a), are 3.6 to 5.4 mgm. 
calculated as nitrogen per 100 cc. of plasma. Most of 
the determinations were done in duplicate, and all deter- 
minations were checked with blank and known samples. 
In two cases, the results were compared with those of 
the colorimetric method of Folin (11). Analysis of 
urine for amino acid content was made by the mano- 
metric ninhydrin method. The low concentration of amino 
acids and the high concentration of substances which may 
give false reactions in urine make these values less sig- 
nificant than the blood determinations. 

Since the manometric ninhydrin method depends on the 
measurement of evolved carbon dioxide, other reactions 
lesulting in the production of carbon dioxide from diabetic 
plasma must be considered. Pre-existing carbon dioxide 
and bicarbonate are removed and thus cannot affect the 
result. The possibility of a slow evolution of carbon 
dioxide from some abnormal constituent of the blood 
was ruled out by performing the analysis with ninhydrin 
omitted. No carbon dioxide was produced under these 
conditions. The reaction of abnormal constituents with 
ninhydrin is also possible. This is ruled out as an im- 
portant factor by the similarity of results obtained by 
the manometric ninhydrin method and by Folin’s col- 
orimetric method. 

The urea content of blood and urine was determined 
by the urease method and the non-protein nitrogen by 
the micro-Kjeldahl. 

RESULTS 

1. Plasma amino acid levels in untreated diabetes 

All ttvelve of the untreated diabetic patients 
had a plasma amino add content exceeding the 
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TABLE I 

Chemical changes following insulin therapy in diabetic 

patients 


Case 

num- 

ber 

Time 
after ad- 
mission 

Blood 

Urine 

Plasma 

amino 

N 

Urea 

N 

NPN 

total 

Sugar 

Plasma 

COa 

com- 

bining 

power 

Sugar 

Ace- 

tone 

1 

0 

3 weeks 

mg 

19.8 

4.8 

m. per 

16 

13 

iOO cc 

42 

26 

182 

235 

volumes 
per cent 

55 

58 

4+ 

4+ 

4-h 

0 

2 

0 

17.3 

41 

80 

768 

19 

4+ 

4-f 


1 day 

5.5 


46 

60 

59 

0 

trace 


2 days 

4.5 

21 

40 

420 

65 

4+ 

0 

3 

0 

15.0 

23 

58 

396 

28 

4-h 

4-h 


1 day 

5.5 

17 

36 

213 

48 

2+ 

trace 


2 days 

5.8 

15 

29 

200 

43 

2+ 

trace 


3 days 

4.6 



150 


0 

0 


5 days 

4.9 



200 

51 

2+ 

0 


7 days 

5.6 



490 

58 

4+ 

0 


10 days 

5.0 



192 


trace 

0 

4 

0 

14.5 

35 

68 

470 

31 

4+ 

3-t- 


1 day 

7.2 

23 

46 

105 

60 

0 

trace 


8 days 

5.1 

14 

30 

207 


i-f 

0 

5 

0 

13.4 

17 

40 

500 

12 

4-h 

4+ 


1 day 

8.1 

10 

26 

226 

43 

4-|- 

1 + 


2 days 

5.3 

10 


170 

54 

0 

0 

6 

0 

12.5 

25 

52 

261 

23 

4-h 

4-f 


2 days 

5.1 

12 

27 

225 

64 

3-f- 

0 

7 

0 

10.8 

45 

74 

840 

32 

4-{- 

4-f 


1 day 

5.8 

32 

62 

96 

53 

0 

1-f 


2 days 

4.7 

20 

40 

220 

47 

1 + 

0 


4 days 

5.5 

13 

28 

260 

58 

2+ 

0 


6 days 

5.4 


24 

179 

55 

trace 

0 


15 days 

5.1 


30 

135 

60 

0 

0 

8 

0 

10.3 

16 

36 

300 

43 

4-t- 

3-f 


1 day 

6.1 



177 

50 

0 

trace 


2 days 

5.4 

13 

30 

195 

54 

0 

0 


3 days 

5.3 



195 

58 

0 

0 

9 

0 

9.6 

14 

34 

436 

55 

4+ 

2-f 


8 days 

5.9 

13 

27 

130 


0 

0 

10 

0 

9.5 

13 

43 

496 

9 

4-f 

4-f 


1 day 

5.0 

10 

28 

149 

56 

0 

trace 

11 

0 

8.3 

15 

30 

348 

52 

4 + 

4-f 


12 days 

5.9 

14 

25 

142 


0 

0 

12 

0 

7.5 

17 

34 

230 

60 

4-f- 

2-f 


2 days 

5.7 

12 

28 

118 


1-f 

trace 


3 days 

5.5 


26 

132 


trace 

0 


5 days 

5.3 



105 


0 

0 


10 days 

5.8 



90 


0 

0 


normal fasting level (Table I), In eight cases, 
the content was greater than 10 mgm. per 100 cc. 
This value probably exceeds the upper limit of 
even normal post-absorptive rise. In the other 


four cases, the fasting levels exceeded the normal 
fasting upper limit of 5.4 mgm. per 100 cc. The 
amino acid content of whole blood and of packed 
red blood cells was similarly increased, the erythro- 
cytes maintaining a slightly higher level than the 
plasma. In two cases the amino acid levels ob- 
tained by the ninhydrin method were compared 
with determinations of amino acids by the colori- 
metric method of Folin. The results of the two 
methods were very similar. The colorimetric 
method yielded slightly lower values when the 
manometric ninhydrin results were very high, 
while at normal levels, the ninhydrin method gave 
slightly lower values. 

2. Relation of blood amino acid content to ihs 

degree of acidosis or azotemia 

The highest amino acid level was recorded in a 
patient with a normal plasma CO 2 combining 
power ( Case 1 ) . It is to be noted, however, that 
all of the patients in diabetic acidosis had a sig- 
nificantly elevated blood amino acid content. 
Strong tests for acetone and diacetic acid in the 
urine were always noted when the blood amino 
acid content was much above normal. There \yas 
no correlation between the blood content of amino 
acids and that of urea. 

3. Ammo acid content of urine 

The loss of substances reacting as amino acids 
in the urine was much increased in patients wit 
severe diabetes. This fact has been noted (9). 
Untreated diabetics excreted from four to ten 
times the normal quantity of amino acids in tie 
urine (Figure 2). 

4. Effect of insidin 

The elevated amino acid content of untreated 
diabetics was restored to normal by insulin therapy 
(Table I). During the first few hours of inten- 
sive insulin therapy the decrease in blood 
acids roughly paralleled the reduction in on 
sugar in a patient with severe acidosis (Figure ^ 
Within twelve to forty-eight hours, the p asrn 
amino acid level attained normal or even su ' 
normal values. From this point onwar , 
amino acid level was rather constant, provide ^ 
sufficient insulin and carbohydrate were 
A considerable dissociation between the twen y- 
four-hour curves of blood concentration 0 sug 
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TANCES IN THE BloOD DuWNG THE FiBST FoRTY-TWO 
louEs OF Treatifent of a Patient with Severe Dia- 
Enc Acidosis 

There is a rough parallelism between the falling con- 
;entration curves of blood sugar and amino acids. 

ind amino acid was observed during the period of 
tdjustment of diet and insulin, since there were 
requently proportionately larger and more rapid 
rariations in the blood sugar. Hypoaminoacide- 
nia (below 3.6 mgm. N per cent) was rarely 
ieen following large doses of insulin. Whether 
hypoglycemia occurred at the same time depended 
in the carbohydrate intake. 

The effect of insulin on the increased renal ex- 
cretion of nitrogen in uncontrolled diabetes is well 
imown. In the two patients in whom nitrogen 
excretion studies were made, the fall in the blood 
imino acid level occurred somewhat more abruptly 
than the diminution of renal nitrogen excretion. 
The disappearance of acetone and diacetic acid 
from the urine also lagged behind the fall of blood 
amino acid. 

5. Tolerance and utilization of intravenously 
injected glycine 

The high blood level of amino acids in uncon- 
trolled diabetes presumably arises from some dis- 
turbance in production or utilization. In order to 
study certain aspects of this problem, glj'cine (0.27 
gram per Idlo) was injected intravenously in 10 
per cent solution over a period of forty-five min- 
utes and the blood amino acid, urea, and sugar 
were followed for the subsequent three-hour pe- 
nod. Urine was collected during a control period 
before the test, and hourly during the test. The 


patients were given the gtycine before insulin 
therapy had been instituted. The same routine 
was repeated subsequently in two of the patients 
after they were well balanced on protamine zinc 
insulin, the test being performed in the early 
morning, ten hours following the last nourish- 
ment, and nearly twenty-four hours after the last 
insulin injection. Similar tests were performed on 
normal subjects. Data are presented graphically 
in Figure 2. 

It is evident that the uncontrolled diabetic pa- 
tient responded to the injection of a moderate 
amount of glycine in a considerably different fash- 
ion from a normal subject, or from an insulin- 
treated diabetic. In untreated severe diabetes, the 
plasma amino acid level started from, and rose to, 
higher levels. Loss of amino acid in the urine 
was increased. A large rise in blood urea was 
not observed. There was a considerable increase 
in urea excretion, however, which during the 
course of three hours was equivalent to a large 
proportion of the nitrogen of the injected glycine. 
There was also a significant rise in blood sugar 
and in urinary sugar excretion. In contrast, the 
insulin-treated diabetic patient and the normal 
individual show much smaller changes than the 
severe untreated diabetic, although the direction 
of each reaction appears to be the same. 

DISCUSSION 

These observations indicate that the plasma 
amino acid content is greatly elevated in un- 
treated severe diabetes. Concomitantly, the urin- 
ary output of amino acids is considerably in- 
creased. The increased blood amino acid level 
does not appear to be due to impairment of excre- 
tory function of the kidney, since the output of 
amino acid is increased above the normal. In 
addition, there is no correlation betrveen urea re- 
tention and the increase of amino acid in the 
blood. The degree of ketonemia does not affect 
the plasma amino acid content significantly. 

Insulin has a rapid and profound effect in 
lowering the elevated blood amino acid level. 
During the first few hours of insulin treatment, 
the falling curves of blood amino acids and sugar 
are roughly parallel. When carbohydrate is ad- 
ministered, however, the parallelism ceases. The 
plasma amino acid content remains rather con- 



278 


JOHN A. LUETSCHER, JR. 


NORMAL 


20l 

MGM. 

N. 

7 . lOJ 


MGM. I0Q 
N. 

90 


MGM. 20 
N. 

% 

10 


DIABETIC 


INSULIN 

TREATED 


PLASMA AMINO ACID CONCENTRATION 


1.2 

GRAMS 
N. 06 


0.4 

GRAMS ,3 
GLUCOSE 


7 , 


GRAMS ® 
4 


GLUCOSE 


0 


8 * 



URINARY EXCRETION OF AMINO ACID 


BLOOD UREA NITROGEN CONCENTRATION 

^ 1 ; 


URINARY EXCRETION OF UREA NITROGEN 


BLOOD GLUCOSE CONCENTRATION' 

t 


URINARY EXCRETION OF GLUCOSE 


FASTING ► 

GLHCINE INFUSION | 

HOURS AFTER END 
OF INFUSION 


0 12 3 


0 12 3 


0 12 3 


Fig. 2. Graphic Summary of Results of Intravenous Amino Acid Tolerance 
Curves in Normal Subjects and in Severe Diabetic Patients Before and After 
Insulin Therapy 


slant under insulin therapy, and the fasting and 
post-absorptive levels are 'well within normal lim- 
its. In contrast, during the same period the blood 
sugar level may show wide swings. A similar 
effect was observed by Luck and Morse (10) in 
normal humans when the maintenance of a normal 
blood sugar did not prevent or diminish appre- 
ciably the lowering of the normal blood amino 
acid content by large doses of insulin. 


When insulin is administered to a severe c 
betic, there is a rapid diminution in renal exc 
tion of urea. This occurred a few hours a 
the fall in amino acids in the two cases stu i 
There is also a difference in the handling of mt 
venously injected glycine by diabetic patients 
fore and after insulin therapy. Plasma anu 
acids reached higher levels in the untreate { 
tients, and more glycine was lost in the un 
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(Figure 2). There is also an unusually large 
increase in urea nitrogen excretion in the un- 
treated diabetics following glycine injection. The 
changes in blood and urine urea and glucose (Fig- 
ure 2) superficially suggest an increased rate of 
deamination and gluconeogenesis, but with the 
limited data, it is not possible to be certain. One 
can be certain, however, that in the severe un- 
treated diabetic, the rate of urea production from 
amino acids is at least equal to normal. 

If there is no decrease in the rate of deamina- 
tion of amino acids in severe untreated diabetes, 
the increased concentration of plasma amino acids 
would appear to be due to an increase in the 
rate of production or liberation of amino acids. 
Conversely, insulin would appear to diminish the 
rate of production or liberation of amino acids, 
since insulin lowers the concentration of plasma 
amino acids at a time when the production of 
urea is diminishing. A similar conclusion on the 
action of insulin was reached by Mirsky (6a) in 
his studies on nephrectomized non-diabetic ani- 
mals. 

SUMMARY AND CONCLUSIONS 

1. Twelve patients with severe untreated dia- 
betes mellitus had high fasting plasma amino acid 
levels. 

2. The high plasma levels were accompanied by 
increased urinary excretion of amino adds, and 
could not be correlated with urea retention. 

3. The administration of insulin caused a rapid 
return of blood levels to normal. On continued 
insulin therapy, the plasma amino acid was main- 
tained at normal levels, despite the fluctuation of 
the blood sugar. 

4. Evidence suggests that in severe untreated 
diabetes mellitus, there is an increase in the rate 
of production or liberation of amino acids, and 
that the administration of insulin is followed by 
the return to a more normal rate. 

The author is greatly indebted to Doctor George W. 
Thom for helpful suggestions and criticism of this work. 
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Because the sulfathiazole content of the brain 
and cerebrospinal fluid is admittedly low compared 
to that of the blood during medication, it has re- 
cently been claimed, in the absence of pertinent 
experimental or clinical data, that sulfathiazole is 
of little or no value in treating bacterial menin- 
gitis (1 to 4). Although it is not the purpose of 
this paper to advise the continued use of sulfa- 
thiazole in clinical cases of meningitis or to rec- 
ommend to the clinician the use of any one of the 
sulfonamides in preference to the others, the ex- 
perimental data presented and the clinical cases 
collected from the literature show that the above 
claim (1 to 4), as well as certain other dissemin- 
ated opinions, require modification. 

METHOD 

Two hundred rats of approximately 200 grams weight 
were lightly anesthetized with ether and infected intra- 
cranially with approximately one fatal dose of Type II 
pneumococci. The animals were divided into five groups : 
one served as control ; the remaining four groups were 
treated orally with 100 mgm. of the various drugs sus- 
pended in 0.5 cc. of IS per cent gum acacia 6, 22, 46, 
and 96 hours after infection. One group was treated 
With sulfanilamide, one with sulfapyridine, one with 
sulfathiazole, and the last with sulfaraethylthiazole (Table 
I). All fatalities were autopsied and those showing in- 


sufficient pneuraococcic infection to explain death were 
not included in the experiment. 

To ascertain the relationship between the concentration 
of sulfathiazole in the blood and brain, 45 similarly in- 
fected rats were given 100 mgra. of drug orally, follo-wed 
by 100 mgm. 8 hours and 24 hours later. At the intervals 
indicated in Figure 1 a number of rats were lightly 
etherized and 0.5 cc. of blood was withdrawn by cardiac 
puncture for analysis. No rat was bled more frequently 
than once during 24 hours. Rats were sacrificed after 
the 25-, 26-, 27-, 28-, 29-, and 30-hour bleedings and the 
drug content of the brain was determined. The analyti- 
cal method employed was a modification of that of Brat- 
ton and Marshall (5) and has been shown statistically 
to give significantly higher recovery of sulfathiazole from 
blood, especially at 1:20 dilution (6) . 

RESULTS 

Reference to Table I shows a 21-day survival 
of 18 per cent of the control group, compared to 
84 per cent of the sulfanilamide group, 87 per 
cent of the sulfapyridine group, 79 per cent of the 
sulfathiazole group and 78 per cent of the sulfa-/ 
methylthiazole group. / 

The concentration of sulfathiazole in the blood 
of rats receiving comparable treatment lay along 
a fairly smooth curve during the 7 hours follow- 
ing the first treatment (Figure 1). During the 6 
hours following the 24-hour treatment, the con- 


TABLE I 


Type II pneumococcic meningitis in rats 


Treatment 

Number 
of rats 

Number of deaths daily during 21 days 

1 

Number 
of sur- 
vivors 

1 

Per cent 
survivors 

\ 

2 

3 

4 

5 

6 

7 

8 

9*21 

None 

40 

16 

13 

2 

1 




1 


7 

18 

Sulfanilamide fll. 

38 




1 

2 

2 


1 

1 

32 

84 

Sulfapyridine ( 21 .. . 

39 




3 

1 

1 




34 

87 

Sulfathiazole (3) . . 

34 




1 

2 

3 



1 

27 

79 

Sulfamethylthiazole f.3) ■ 

37 




2 

t 

2 

2 

1 

1 

I 

1 

29 

78 


Infection: O.I cc. of a 10"* broth dilution of an IS-hour broth culture (Binda, Tj-pe II) intracranially (approximately 
one fatal dose). 

Treatment: 100 mgm. of drug suspended in O-Slcc. of 15 per cent gum acada orally 6, 22, 46 and 96 hours after in- 
fertion (total 400 mgm.). 

Drura were synthesized and donated by (1) Monsanto Chemical Company, St. Louis, Missouri; (2) E. R. Squibb and 
5>ons, l\ew York City; and (3) The Maltbie Chemical Company, Newark, N. J. 
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Because the sulfathiazole content of the brain 
and cerebrospinal fluid is admittedly low compared 
to that of the blood during medication, it has re- 
cently been claimed, in the absence of pertinent 
experimental or clinical data, that sulfathiazole is 
of little or no value in treating bacterial menin- 
gitis (1 to 4). Although it is not the purpose of 
this paper to advise the continued use of sulfa- 
thiazole in clinical cases of meningitis or to rec- 
ommend to the clinician the use of any one of the 
sulfonamides in preference to the others, the ex- 
perimental data presented and the clinical cases 
collected from the literature show that the above 
claim (1 to 4), as well as certain other dissemin- 
ated opinions, require modification. 


sufficient pneumococcic infection to explain death were 
not included in the experiment. 

To ascertain the relationship behveen the concentration 
of sulfathiazole in the blood and brain, 45 similarly in- 
fected rats were given 100 mgm. of drug orally, followed 
by 100 mgm. 8 hours and 24 hours later. At the intervals 
indicated in Figure 1 a number of rats were lightly 
etherized and 0.5 cc. of blood was withdrawn by cardiac 
puncture for analysis. No rat was bled more frequently 
than once during 24 hours. Rats were sacrificed after 
the 25-, 26-, 27-, 28-, 29-, and 30-hour bleedings and the 
drug content of the brain was determined. The analyti- 
cal method employed was a modification of that of Brat- 
ton and Marshall (5) and has been shown statistically 
to give significantly higher recovery of sulfathiazole from 
blood, especially at 1:20 dilution (6). 

RESULTS 


METHOD 

Two hundred rats of approximately 200 grams weight 
were lightly anesthetized with ether and infected intra- 
cranially with approximately one fatal dose of Type II 
pneumococci. The animals were divided into five groups : 
one served as control; the remaining four groups were 
treated orally with 100 mgm. of the various drugs sus- 
pended in 0.5 cc. of 15 per cent gum acacia 6, 22, 46, 
and 96 hours after infection. One group was treated 
with sulfanilamide, one with sulfapyridine, one with 
sulfathiazole, and the last with sulfamethylthiarole (Table 
I). All fatalities were autopsied and those showing in- 


Reference to Table I shows a 21-day survival 
of 18 per cent of the control group, compared to 
84 per cent of the sulfanilamide group, 87 per 
cent of the sulfapyridine group, 79 per cent of the 
sulfathiazole group and 78 per cent of the sulfas 
methylthiazole group. / 

The concentration of sulfathiazole in the bl^d 
of rats receiving comparable treatment lay ^ng 
a fairly smooth curve during the 7 hours fc low- 
ing the first treatment (Figure 1). During he 6 
hours following the 24-hour treatment, the Von- 


TABLE I 


T ype II pneumococcic meningitis in rats 


Treatment 

Number 

Number of deaths daily during 21 days 

Number . 

l 

Per cent 
survivors 

of rats 

n 

2 

3 

m 

5 

6 

n 

8 

9-21 

of sur- 
vivors , 

None 

40 

38 

16 

13 

2 

1 
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Fig. 1. SuLFATHiAZOLE Concentration in Blood and Brain of Meningitic Rats 


centrations were higher and the variations greater. 
The brains of rats killed during the interval when 
blood concentrations varied from 3.5 to 10 mgm. 
per cent, and averaged 5 to 6 mgm. per cent, 
showed drug concentrations which varied from 
traces to 3 mgm. per cent and averaged approxi- 
mately 1.6 mgm. per cent. 

. DISCUSSION 

In a previous report (7) it was demonstrated 
that pneumococcic meningitis in rats is at least as 
severe as in man. In untreated animals, the oc- 
currence of empyema of the cerebral ventricles 
and of the central canal of the cord was not un- 
common. Extensions of the purulent meningitis 
into the nervous parenchyma occurred and were 
often associated with abscesses. Proof that the 
infection was not eliminated before lesions had 
become established was seen in the disturbances in 
gait and equilibrium in treated animals which 
recovered. Anatomic proof was obtained in the 
histologic sections of the brain and cord of these 
animals (8). The significant findings included 


thickened meninges with lymphocytic infiltration 
and vascular scars in the cerebral cortex with 
clusters of phagocytic cells, hemosiderin deposits 
and foci of calcification. 

The infecting dose was purposely kept low so 
that successful treatment with the various drugs 
remained below the level known to cause kidney 
damage and its sequelae in rats (9 to 11). 

Because the greatest difference in group survival 
was 9 per cent, the results were tested for sig- 
nificance by the method. Taking the proba- 
bility value of 0.05 as the criterion of significance, 
it was found that the differences observed among 
the treated groups were without statistical sig- 
nificance. 

This proof that sulfanilamide, sulfapyridine, 
and sulfathiazole are equally effective in experi- 
mental pneumococcic meningitis of rats infected 
with the Binda Type II strain raises the interest- 
ing question of the relative importance of a high 
concentration of free drug in the cerebrospinal 
fluid for successful chemotherapy of meningitis. 
The blood of infected rats which received 300 
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mgm. of sulfathiazole in 24 hours (Figure 1), 
averaged 5 to 6 mgm. per cent of free drug, while 
the brains averaged 1.6 mgm. per cent and occa- 
sionally contained considerably less than 1 mgm. 
per cent. 

Chemotherapeutic results of clinical meningitis as 
collected from the literature 

The successful treatment with sulfathia 2 ole of 
experimental pneumococcic meningtis in rats has 
its counterpart in the treatment of clinical menin- 
gitis. Table II lists not only 4 typed cases of 
pneumococcic meningitis but one case of strepto- 
coccic meningitis, 9 cases of staphylococdc menin- 
gitis, and 125 cases of meningococcic meningitis, 
the cure of which was attributed to therapy with 
sulfathiazole or its sodium salt. 

The evaluation of the clinical efficacy of the 
various sulfanilamide drugs has resulted in rules 
which, on the whole, seem to be workable. How- 
ever, several opinions disseminated in the medical 
literature appear, on the basis of subsequent clini- 
cal experience, to require modification. A case in 
point was the early and persistent assertions, fre- 
quently based on none too critical animal experi- 
ments, that sulfanilamide was of little or no value 
in pneiunococcic infections (12 to 17) or was of 
value in treating only Type III pneumococcic in- 
fections (18 to 20). Disregard of these asser- 


TABLE n 


Pneumococcic, streptococcic, staphylococcic, and 
nientngogoccic meningitis recoveries attributed 
to sulfathiazole 


Inveslijator 

Treatment 

Infection 

Kumber 
of re- 
coTcrics 

Splai: and Hansen 

My«,EobbandCUppi”! 

aid BzmbU^' 

sr*+Bt 

ST+SMTJ 

ST+S 

BT+S 

T^rpe in pnenmococcos 
Type I pneomogoccps 

Type ^neuraococcus 
lU pnexnnoccccus 

1 

1 

1 

1 

Mew and 

Eteaoran,, 

WcaiyandLyocs 

bi 

BT 

S+NaST} 

SaST 

ST 

P-Jicroolytic etreptococau 

Staphylococcus atueus 
Staphylococcus aureus 
Staphylococcus 
Staphylococcus 
Staphyiococcus 

1 

1 

1 

2 

1 

4 

and MoUter. . 

ST 

Meningococcus 

1 


ET 


24 

J'»=«i»WRoeI«i 

BT 

Meniagococcus 

Meningococcus 

6 


i H sul/athiazole. 


TABLE III 


Pneumococcic meningitis recoveries attributed to 
sulfanilamide 






Total 

Year 

Investfeator 

Treat- 

ment 

Number of typed 
recoveries 

number 

recor- 





cries 

1937 

Merlins and Merlins 

SA* 

rv 

1 


Mitchell and Trachsler 

SA-l-Of 

V 1 

1 


Basman and Feriey 

SA 

V 

1 

1B3S 

1 Latto 

Nt 

1 

1 


1 Rowe 

SA+N 

V 

1 


1 Tiiicr, and Grosnzrd 

SA+S5 

I 

1 


Landon 

N 


1 


Hubert 

SA 

ni 

1 


Finland, Brown and Rauh 

SA^-S 

m.vii.xvn.xix. 

6 


SA 

xxvui, xxvni 
HV, XX, XXIX 

3 

Allan, Maj-er and Williams 


Young 

SA 

1 


Gubner 

SA 

in 

1 


Moore 

SA 


1 


Qoti7 

SA+S 

vn 

1 


Brft.«seTir 

SA 

i 

1 


Magruder and Kichols | 

SA 

HI 

1 

1939 

I>eretix 

SA+S 


1 


hiartin 

SA 


1 


Cathala 

SA 


1 


Kieinin 

SA+S 

vn 

1 


HewtU and ifitchell 

BA 


1 


Kea) 

N 

I, rv. vr. vn. xm, 

XXIX. XXXI 

7 


Gray and Adams i 

SA+S 

1 


Goldman 

SA 

IV 

1 


Canuyt j 

SA 


4 


lisanib" and Pembroke I 

SA 

XV 

1 


Toomey and Roach i 

ai+s 

m 

1 


Silverman and Tbomer 

SA 

III 

1 


Welch and Martin 

SA+N 

ra 

1 


Sappington and Favorite 

SA 

xxnn 

1 


Stewzrt and Martin i 

SA+N 

in 

1 

1 

Hodes. GimteU and Barnett 

SA 


1 

1910 

Yampolsiy 

Kehl 

SA 

SA 

I 

m 

1 

1 


Hamby, Bbsnaan, Greene and 
Whitebd^ 

SA+S 

in 

1 


Rhoads. Hoyne, Levin, Hors- , 


I, vr, xvn, XXXI 

4 / 


well, ^als and Fox 

SA 


Total 


42 

1 

55 


* SA Sulfanilamide. t N Neoprontosil. 

t O Optochin. § S Serum. 


tions, fostered perhaps by the successful treatment 
of experimental Type I, II, and III pneumococcic 
meningitis in rats (7, 21, 22), has resulted in re- 
ports of 55 cases of pneumococdc meniagitis 
whose recovery is attributed to sulfanilamide Wnd, 
in several instances, to the less effective neopron- 
tosil (Table III). Among the recoveries, 42 
cases were typed and 16 received serum in con- 
junction with the chemotherapy. Similarly, sulfa- 
pyridine, which was considered the drug of choice 
for treating pneumococcic infections before the 
advent of sulfathiazole, is reported to have saved 
88 cases of pneumococdc meningitis (Table IV). 
In this series, 57 cases were typed and 29 re- 
ceived type-spedfic serum as an adjuvant to the 
chemotherapy. A number of recoveries which re- 
ceived both sulfanilamide and sulfapyridine were 
not induded in Tables III and IV. 
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TABLE IV 


Pneumococcic meningitis recoveries attributed to sulfapyridine 


Year 

Investigator 

Treatment 

Number of typed recoveries 

Total 

number 

recoveries 

1938 

Reid and Dyke 

SP* 


1 


Robertson 

SP 


1 

1939 

Robertson 

SP 


1 


Silverthorne, Brown and Auger 

SP 


2 


Hughes 

SP 


1 


Barnett, Hartmann, Perley and Ruhoff 

SP 

V, XIV 

3 


Bolzinger 

SP 


1 


McAlpine and Thomas 

SP 


1 


Cutts, Gregory and West 

SP+St 

XX 

1 


Robinson 

SP+S 

I 

1 


Yule 

SP 


1 


Raman 

SP 


1 


MacKeith and Oppenheimer 

SP 

HI, IV 

2 


Dunlop and Laurie 

SP 


1 


Cable 

NaSPt 

X 

1 


Toomev and Roach 

SP 

XIV 

1 


Pearson 

SP 


2 


Reid 

SP 


1 


Haley 

SP 


1 


Rawlings and Hamilton 

SP 


1 


Hodes, Gimbel and Burnett 

SP 

I, HI, HI, V, IX, 

8 




XH, XXIH, XXV 



Holmes 

SP 

IV 

1 


Taylor and Chitkara 

SP 


3 


Klemperer 

SP+S 

HI 

1 

1940 

Scott 

SP 

HI 

1 


Terry and Beard 

SP 

XIV 

1 


Frist and Rippy 

SP 

HI 

1 


Herman 

SP+S 

I 

1 


Moore and Forbes 

SP 


1 


Elvidge and Roseman 

SP+S 

XVI 1 1 

1 


MacKay and Hurteau 

SP+S 

I, III, XXIH 

4 


Reid and Lipscomb 

SP+NaSP 

XIX 

1 

s 

Falla 

SP 


2 


Vukov 

SP+S 

XI 

1 


Wetherell 

SP 


1 


Dawnay 

SP+S 

XIX 

1 


Rhoads, Hoyne, Levin, Horswell, Reals and Fox 

SP 

X, XVIH, XXHI 

3 


Turnoff, Marenus and Schnabel 

SP 

HI 

1 


Coleman 

SP 


2 


Leichenger and Abelson 

SP+S 

XIX 

1 


Quirk 

SP 


1 


Neal, Appelbaum and Jackson 

SP+S 

I, III, IV, IV, V, V, XV, 

10 




XVIH, XIX, XXXII 


1941 

Craddock and Bowers 

SP 

XXVIII 

1 


Palmer 

SP+S 

XIX 

1 


Musser 

SP+S 

VII 

1 


Cavanaugh 

SP 

XIV 

1 


Vogelius 

SP+S 


3 


Hertz 

SP+NaSP 

XXIII 

2 


Wilderman 

SP+S 

VI 

1 


Cunningham and Williams 

SP+NaSP 

Group E 

1 


Stites, Bell and Jelsma 

NaSP+S 

III 

1 


Wolfermann and Whittaker 

SP+NaSP+S 

L I 

2 


Thompson and Ward 

SP+S 

I 

I 


Ludlum and Peterson 

SP 

XIII 

1 


Total 


57 

88 


* SP Sulfapyridine. t S Serum. t NaSP Sodium salt of sulfapyridine. 
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In \’ie\v of the fact that a review of the litera- 
ture prior to the introduction of the sulfonamides 
showed but 30 recoveries from pneumococcic 
meningitis during the preceding 15 years (23), tlie 
report of 55 cures by sulfanilamide within the last 
4 years, and four cures by sulfathiazole within less 
than one year leaves no reasonable doubt of the 
efficacy of these drugs. However, the conclusion 
reached in a recent review (24) that sulfanilamide 
and sulfapyridine were equally effective in treating 
pneumococdc meningitis is almost as unjustified 
on the basis of the statistical evidence available as 
the assertion tliat sulfanilamide and sulfathiazole 
are of questionable value in this disease. 

Because of the lack of decisive data at present, 
it is not possible to judge which of the sulfonamide 
drugs, if any, is significantly superior in the clini- 
cal treatment of pneumococcic meningitis. Fu- 
ture decision on this point awaits not only the ac- 
cumulation of sufficiently large numbers of cases 
treated with the various sulfonamides but the in- 
clusion of the fatalities along with the cures in the 
data reported. Pertinent information concerning 
the efficacy of new drugs may also be obtained by 
the direct study of experimental pneumococcic 
meningitis and it is suggested that this method be 
used in preference to a reliance on the drug con- 
centration in the cerebrospinal fluid. 

CONCLUSIONS 

1. Sulfanilamide, sulfapyridine, sulfathiazole, 
and sulfamethylthiazole are equally effective in 
the treatment of experimental Type II (Binda) 
pneumococcic meningitis in rats. 

2. The sulfathiazole content of the brains of 
rats which received 300 mgm. of sulfathiazole 
orally in 24 hours averaged 1.6 mgm. per 100 
grams at the time the blood averaged 5 to 6 mgm. 
per 100 cc. 

3. Data are presented which show that clim’cal 
pneumococcic meningitis has been successfully 
treated with sulfanilamide as well as with sulfa- 
pyridine. 

4. Other clinical data show pneumococcic, 
streptococcic, staphylococcic and meningococcic 
meningitis recoveries which were attributed to 
sulfathiazole therapy in spite of the generally rec- 
ognized low concentration of this drug in the 
cerebrospinal fluid. 


5. Because of the lack of decisive data at pres- 
ent, it is not possible to judge which of the sulfo- 
namide drugs is sigm'ficantly superior in the clini- 
cal treatment of pneumococcic meningitis. Fu- 
ture dedsion on this point awaits not only the 
accumulation of sufficiently large numbers of cases 
treated with the various sulfonamides but also the 
inclusion of the fatalities along with the cures in 
the data reported. 

Note: While this paper was in press, Davis (25) pre- 
sented experimental evidence which indicated that the 
sulfonamides are more or less closely bound to the al- 
bumen fraction of the blood, and for this reason the ratio 
of their “apparent” concentration in the blood to their 
actual concentration in the cerebrospinal fluid should not 
be psed as a guide to the choice of drug for treating 
meningitis. 
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Starr and his associates (1) have demonstrated 
several characteristics of the ballistocardiographic 
method of cardiac output determination which rec- 
ommend it for clinical use. The technique is 
simple, the apparatus is highly sensitive to small 
variations in stroke volume, the results in the 
same individual are consistent, and the limits of 
normality are well defined. The usefulness of 
the method for investigative work, however, de- 
pends in addition upon its degree of accuracy. 

Preliminary information as to the accuracy of 
the method has been provided by Starr et al. by 
comparing results calculated from the ballistocar- 
diogram with those obtained by other methods of 
cardiac output determination. Almost simultane- 
ous cardiac output determinations by both the 
ethyl iodide method and the ballistocardiograph 
were performed on 30 subjects (2). Of these, 
the 25 best cases showed values of cardiac output 
averaging 3.9 per cent smaller by the ballisto- 
cardiograph than by the ethyl iodide method. 

A larger discrepancy was found between a 
group of 106 normal subjects studied by the bal- 
listocardiograph (1) and two other groups of 
normal subjects studied by the ethyl iodide (3) 
and acetylene methods (4). Values for cardiac 
output by the ballistocardiograph averaged 14.4 
per cent smaller than by the ethyl iodide method 
and 13.6 per cent smaller than by the acetylene 
method. It must be noted in addition that stand- 
ard basal conditions were not obtained in the 
group studied with the ballistocardiograph. If 
more rigid basal conditions had prevailed as in 
the rivo series studied by the foreign gas methods, 
it is fair to assume that the figures for cardiac 
output by the ballistocardiograph would have been 
somewhat lower, thus increasing the discrepancy. 
The comparisons presented to date do not satis- 


factorily evaluate the accuracy of the ballistocar- 
diographic method and suggest the need for 
further data. 

The present study is a comparison of cardiac 
output determined by a method based on the Fick 
principle and by the ballistocardiograph. 

METHOD 

The technique of cardiac output determination based on 
the Fick principle involved collection of mixed venous 
blood, arterial blood, and expired air. Mixed venous 
blood was withdrawn from the right auricle by means of 
a catheter. The method of catheterization has been de- 
scribed by two of the present authors (5). It was modi- 
fied in individuals whose arm veins were not large enough 
to permit the introduction of a 10 gauge needle. In these 
cases the vein was exposed and the catheter introduced 
directly through a small slit in the vein. In order to 
insure that the gas concentration of the mixed venous 
blood remained unaltered, the samples were collected over 
mercury instead of under oil. The mercury sampling 
tube was previously prepared by introducing the anti- 
coagulant, potassium oxalate and sodium fluoride, and 
allowing it to dry. Any gas trapped in the tube was re- 
moved by evacuating and expelling. Thus prepared, the 
tube was attached to the catheter. After interrupting the 
previous flow of saline, 3 cc. of blood were withdrawn 
through a side arm to wash out the saline, and 10 to 15 
cc. of blood then drawn into the sampling tube by slight 
suction created by lowering the levelling bulb. This pro- 
cedure required about 20 to 30 seconds. The blood was 
immediately mixed with the anticoagulant by inverting the 
sampling tube several times. Pipettes were filled directly 
for analysis, and any remaining blood was kept on ice 
trader a slight positive pressure. A sample of arterial 
blood was taken under oil from the femoral artery, 
starting IS seconds after the sampling of the mixed venous 
blood had begun. The expired air was collected in a 
Tissot spirometer, beginning 30 seconds before the mixed 
venous blood sampling and continuing for 1% minutes. 
The expired air and blood samples were analyzed in 
duplicate for carbon dioxide and oxygen content. 

The technique of obtaining mixed venous blood through 
a catheter in the right auricle made possible two deter- 
minations of cardiac output from each set of samples. 
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The two values obtained from 

Total CO3 output in cc. per minute 

CO2 arteriovenous difference, cc. per liter of blood 
and from 

Total O2 intake, in cc. per minute 
Os arteriovenous difference, cc. per liter of blood 

acted as independent checks upon each other. 

Ballistocardiographic tracings were taken immediately 
before and immediately after each direct Fick dctermina- 
tion.2 Estimates of cardiac output from ballistocardio- 
grams were made by two independent persons. Com- 
plexes covering at least one respiratory cycle were chosen. 
If the influence of respiration upon the tracing varied, 
complexes covering several cycles were calculated. The 
wave area formula was used (Formula 16 in Starr’s 
original paper (2)). Triangles were constructed by ex- 
tending the sides of waves I and J and the areas under 
the waves were approximated by calculating the areas 
of the triangles. The altitude was measured with a di- 
vider to the half millimeter. The base of the triangle 
was measured from the timer lines on the tracing, the 
reading being accurate to within 0.04 seconds and esti- 
mated to within 0.02 seconds. At the end of each ex- 
periment the bed was calibrated and the formula corrected 
accordingly. 

RESULTS 

Thirty-one attempts in 19 different subjects 
were made to introduce the catheter into the right 
auricle. Twenty-four attempts in 18 subjects were 
successful. Forty-eight direct Fick determinations 
were attempted in these 18 subjects. Twenty- 
one determinations in 13 subjects were satisfac- 
tory. In 5 of these 21 instances, the ballistocar- 
diograms were discarded, either because the dif- 
ference in pulse rate between determinations was 
too large (more than 3 beats), or because of 
technical error in taking the tracing. Thus in 16 
instances, involving 12 patients, both direct Fick 
determinations and the ballistocardiograms were 
technically satisfactory. 

All data from which cardiac output determina- 
tions by the direct Fick method were calculated 
are tabulated in Table I, The subjects were not 
under standard basal metabolic conditions, and 
several of them were not normal. The values for 
cardiac output can therefore only be used for 
comparison with those obtained by another method 

2 The ballistocardiograph used was designed by Drs. 
Dugold E. S. Brown and Homer A. Smith on the same 
principle as Dr. Starr’s apparatus (see appendix). 


employed almost simultaneously and under ide 
tical circumstances. It is of interest, howev 
that, after excluding subjects who had receiv 
angiotonin or had been subjected to a prolong 
surgical operation, the average oxygen arteri 
venous difference per 100 cc, of blood was 4.8 c 
with extremes of 4.0 cc. and 6.0 cc. This 
somewhat lower than average figures obtain^ 
with the foreign gas methods in normal subjec 
under standard basal conditions but is well with 
tJie range of variation. 

The direct Fick method as used here provide 
a check within itself. The respiratoiy quotiei 
derived in the usual way by analysis of expirf 
air can be checked against a respiratory quotiei 
derived from blood gas analysis by the ratio 

CO 2 arteriovenous difference (volume per cent) 

O 2 arteriovenous difference (volume per cent) 

These values are shown in Columns 4 and 1'. 
In only 4 determinations is the difference 0.04 0 
greater, being 0.04 in 2 cases, 0.06 in 1 case, an 
0.07 in another. 

The two figures for cardiac output, one de 
rived from the carbon dioxide data, the othe 
from the oxygen data, are listed in Columns U 
and 13. In only 2 instances was the difference 
greater than 0.24 liters per minute, being 0.3f 
and 0.43 liters per minute in these cases. On ar 
average, each determination differed by only 4.:. 
per cent from the mean value of the pair. 

In Table II are tabulated data comparing stroke 
volumes determined by the direct Fick method and 
calculated from the ballistocardiographic tracings. 
The figures for the direct Fick determinations 
were calculated by averaging the values for car- 
diac output per minute calculated separately from 
the carbon dioxide and the oxygen data, and 
dividing by pulse rate; the figures for the ballisto- 
cardiographic determinations were obtained by 
averaging the results before and after the direct 
Fick. The ballistocardiograms of the first 2 cases, 
while apparently technically correct, showed com- 
plexes which were small and which in 1 case were 
irregular. Since the error in calculating cardiac 
output from these tracings may have been large, 
the cases have not been included in the final com- 
parison of the two methods. In the remaining 14 
experiments, the stroke volume by direct Fick 
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TABLE I 

Data obtained in 21 determinations of cardiac output by the direct Pick method 


Subject 

1 

2 

3 

4 

s 

6 

B 

8 

9 

10 

11 

12 

13 

Date 

Lung gas exchange 

Blood gas exchange 

Cardiac 

output 

wS 

3 T 

Ob 

8^ 

0« Intake. 
cc. ter mimile 

Respiratory 

quotient 

COj con- 
tent 

COj difTcrcnce, 
volume per cent 

Oj con- 
tent 

Oi difference, 
volume per cent 

Ratio of COi to 

Oi difference 

from COi data. 
liters per minute 

from Oj data, 
liters per minute 

a ^ 

>ss 

t: V 

«iv 
< s 

V « 

a 1 

a ^ 

G.B. 

October 

31, 1940 

221 

272 

0.813 

53.9 

47.2 

6.7 

12.4 

4.1 

8.3 

0.81 

3.30 

3.28 

Essential hypertension, cardiac 















P.T. 

November 27, 1940 

193.5 

282 

0.687 

50.7 


3.7 

12.1 

6.8 

5.3 

Kij|r/C 

5.23 

5.32 

Carcinoma of liver 















F.L. 

December 31. 1940 

192 

225 

0.854 

54.7 

51.2 

3.5 


iron: 

4.0 

0.88 

5.49 

5.63 

Carcinoma of cardia 















P.H. 

February 

18, 1941 

183 

235 

0.778 


50.1 

4.9 

19.1 

13.1 

6.0 

0.82 

3.74 

3.92 

Normal 















F.K. 

F ebruary 

20, 1941 

252 

273 

0.922 

61.5 

57.2 

4.3 

17.8 

13.3 

4.5 

0.95 

5.86 

6.07 

Normal 

February 

27. 1941 

246 

262 

0.942 

57.4 

53.6 

3.8 

16.4 

12.4 

4.0 

0.95 

6.48 

6.55 


Same* 


243 

277 

0.878 

58.4 

53.1 

4.5 

15.7 

10.4 

5.3 

0.85 

5.40 

5.23 

W.U’Br. 

March 

4. 1941 

221 

263 

0.842 

52.8 

48.8 

4.0 

17.9 

iwn 

4.9 

0.82 

5.53 

5.33 

Normal 















L.K. 

March 

12, 1941 

223 

248 

0.899 


45.7 

4.8 

15.7 

10.5 

5.2 

0.92 

4.65 

4.78 

Carcinoma of bronchus 

Same 


221 

251 

0.881 


45.7 

4.8 

15.7 

10.4 

5.3 

0.91 

4.61 

4.74 

H.W, 

March 

25, 1941 

223 

240 

0.929 

54.1 

13011 

4.0 

16.3 

11.8 

4.5 

0.89 

5.58 

5,34 

Normal 















W.O’Bo. 

April 

2, 1941 

243 

296 

0.821 

52.6 


4.6 

17.2 

11.7 

5.5 

0.84 

5.29 

5.37 

Normal 

Same 


208 

259 

0.802 

51.5 

bVItI 

4.3 

17.2 

11.9 

5.3 

0.81 

4.84 

4.89 

M.M. 

May 

8, 1941 

139.5 

195.5 

0.794 

53.2 


3.4 

14.6 

10.4 

4.2 

0.81 


4.17 

Chronic pulmonary tuberculosis 

Same§ 


142.5 

190.5 

0.747 

51.2 

47.0 

4.2 

13.7 

8.5 

5.2 

0.81 

3.40 

3.75 

J.L. 

May 

16, 1941 

244 

311 

0.786 


51.3 

3.6 

17.7 

iwro 

4.7 

0.77 

6.76 

6.69 

Normal 

Samet 


240 

314 

0.765 

l»Tiw 

50.4 

3.8 

16.8 

IBn] 

4.8 

0.79 

6.31 

6.54 

J.B. 

June 

4, 1941 

199 

242 

0.822 

51.3 

47.6 

3.7 


14.3 

4.7 

0.79 

5.38 

5.27 

Normal 

Samet 


216 

262 

0.824 

51.4 

46.7 

4.7 

19.9 

14.3 

5.6 

0.84 

4.60 

4.68 

J.D. 

June 

18, 1941 

181 

234 

0.774 

49.9 


3.7 

18.4 

14.0 

4.4 

0.84 

4.89 

5.32 

Chronic pulmonary tuberculosis 

Sarae§ 


211 

265 

0.796 

45.6 


3.9 

16.9 

12.1 

4.8 

0.81 

5.41 

5.52 


* Four minutes after injection of angiotonin. X Three minutes after injection of angiotonin. 

t Thirty seconds after injection of angiotonin. § At the end of prolonged surgical operation. 


averaged 18.5 per cent larger than by ballisto- 
cardiograph, with extremes of + 10.6 per cent 
and +33.5 per cent. This difference between 
measurements by the two methods is significant 
for P = 0.05. 

On subjects F. K. and J. B., cardiac output 
determinations were made before and after the 
injection of 1 cc. of angiotonin. The percentage 
difference between the values for stroke volume 
obtained simultaneously by the two methods re- 
mained remarkably constant whether or not there 
were changes in the absolute values of stroke vol- 
ume due to the action of the drug. 

The results of the 16 almost simultaneous pairs 
of cardiac output determinations have been plotted 
in Figure 1. The values corresponding to the 


first 2 subjects in Table II are identified by the 
open circles. The other 14 points are all above 
the line of identity. Their distribution is indica- 
tive of a very high correlation and a systematic 
deviation. It can furthermore be inferred that 
both methods are consistent within themselves. 
Because of the smallness of the sample, the draw- 
ing of a regression line and the calculation of its 
equation are not justified. 

DISCUSSION 

The attempt to compare almost simultaneous 
cardiac output determinations by the direct Fick 
method and by the ballistocardiograph resulted in 
a high proportion of failures for a varietj' of 
reasons. Among the successful cases in whom a 
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TABLE II 


Sixteen simultaneous determinations of stroke volume by the 
direct Pick method, and by the ballistocardiograph 
in 12 subjects 




Stroke 

volume 

Difference 

(Direct 

Fick)- 

(Ballisto- 

cardiograph) 

Ballisto- 

cardiograph 

record 

Subject 

Pulse 

Direct 

Fick* 

Ballisto- 

cardio- 

grapht 

S.B 

93 

cc, 

35.4 

CC, 

38.6 

CC, 

-3.2 

Complexes 

..K 

108 

1 

43.5 

59.6 

-16.1 

irregular, 

small 

Small com- 

3 rp 

112 

47.2 

41.0 

4-6.2 

plexes 

Good 

7,L 

68 

81.2 

73.1 

4-8.1 

Good 

?.H 

56 

68.4 

61.6 

4-6.8 

Good 

S.K 

61 

97.8 

84.8 

4-13.0 

Good 


74t 

88.1 

73.5 

4-14.6 

Good 


68§ 

78.1 

64.8 

4-13.3 

Good 

V.O'Br 

80 

68.0 

57.1 

4-10.9 

Good 

i.W 

V.O’Bo 

75 

72.8 

63.4 

4-9.4 

Good 

64 

83.1 

73.1 

4-10.0 

Good 


65 

75.0 

67.8 

4-7.2 

Good 

;.L 

96 

69.7 

52.2 

4-17.5 

Good 

'.B 

65 1 

81.1 

62.2 

4-18.9 

Good 


S8§ 

80.7 

64.0 

1 4-16.7 

Good 

'.D 

84 

60.8 

49.0 

4-11.8 

Good 

Average 

77.6 

70.7 

61.6 

4-9.1 


Werage of 14 
vith good bal- 
istocardiograph 
ecords 

73.3 

75.1 

1 63.4 

4-11.7 



* Stroke volume obtained by averaging figures in two 
ast columns of Table I and dividing by mean pulse rate. 

t Stroke volume obtained by averaging figures of 2 
lallistocardiograms taken immediately before and im- 
aediately after the direct Fick determination. 

J Before the injection and § after the injection of 
ingiotonin. 

lomparison seemed justified, there was a syste- 
natic deviation in the results. The following 
inalysis of some of the technical and theoretical 
;onsiderations involved in the two methods may 
lelp to explain these findings. 

The direct Fick determination required first the 
ilacing of the catheter in the right auricle. In 
!4, or 77 per cent, of 31 attempts this procedure 
vas successful. Failures resulted from inability 
o introduce the catheter into the basilic vein, 
rom obstruction to its course as it was threaded 
ilong, or from inability to make it follow the 
lesired venous channels. The apparent harmless- 
less of the procedure was confirmed, occasional 
hrombosis of the basilic vein being the only 
mtoward reaction. In more than SO attempts 



Fig. 1. Sixteen Individual Measurements of Stroke 
Volume Obtained by the Direct Fick Method Plotted 
Against the Same Measurements Calculated from 
Simultaneous Ballistocardiographs 

Open circles represent measurements in 2 subjects with 
rapid pulse, small and/or irregular ballistic complexes. 
Straight line is line of identity (see text). 

including both those here reported and others to 
be reported elsewhere, the only physiological re- 
sponses were a small rise in ventilation and a 
small degree of sinus bradycardia. Studies now 
in progress on surgical shock have shown that 
with the continuous flow of saline maintained at 
a rate of about 15 drops per minute, the catheter 
can be kept in position for as long as 3 hours with 
no inconvenience to the patient. 

In the Fick determinations the chief difficulty 
arose in obtaining simultaneously, and analyzing 
in duplicate, samples of mixed venous blood, ar- 
terial blood, and expired air. In 21, or 44 per 
cent, of 48 attempts the determinations were sat- 
isfactory. The collection of expired air presented 
no special difficulties. The sampling of arterial 
blood, following infiltration of the femoral artery 
with novocaine, was in most cases technically easy 
and apparently painless. Stimuli arising from the 
arterial puncture may on occasion have caused 
momentary increase in the cardiac output, but it 
is doubtful if this occurred in the selected group 
of cases in which the pulse rate varied by no 
more than 3 beats. The sampling of venous 
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blood from the right auride was somewhat com- 
plicated by the necessity for washing the catheter 
free of saline and for taking tiie strictest precau- 
tions against contamination with air. There is 
also the possibility that samples taken from the 
right auride may not always have been represen- 
tative of thoroughly mixed venous blood. While 
this possibility has yet to be thoroughly investi- 
gated, it is doubtful that it was a source of error 
in the selected group in which the respiratory 
quotient obtained from the arteriovenous differ- 
ences checked reasonably well with the respirator}' 
quotient obtained from analysis of expired air. 
Certainly the high proportion of failures in per- 
forming the direct Fick determination was due 
mainly to technical difficulties, since error at any 
point in manipulating the large number of sam- 
ples required that the entire experiment be dis- 
carded. 

The determination of cardiac output by the 
direct Fick method, although difficult, is based on 
fundamental physiological principles and has 
checks within itself. The degree of accuracy is 
therefore thought to be high. Any discrepancy 
between the results obtained by this method and 
by the ballistocardiograph may be assumed to be 
due to error in the latter. 


The ballistocardiograms were satisfactory in 
16, or 76 per cent, of the 21 cases in which the 
Fick determinations were satisfactory'. The tak- 
ing of these tracings was an extremely simple 
matter provided the optical recording and timing 
devices functioned properly. The patient was re- 
quired simply to remain absolutely quiet with his 
feet firmly against the foot board. Only tracings 
which were normal in shape were used, since we 
were interested exclusively in the normal ballisto- 
cardiogram. In the comparison of methods sev- 
eral ballistocardiograms taken before and after 
the direct Fick were not acceptable because the 
pulse rate varied by more than 3 beats. 

Consideration of all possible sources of error 
related to the ballistocardiograph would require an 
evaluation of the fundamental assiunptions upon 
which Starr’s formulae were based. Assuming, 
however, for lack of better knowledge, that every 
other entry from which the formulae were de- 
rived is correct, there remains one factor which is 
open to doubt,' — namely, the estimation of the 
internal cross-section of the aorta. The standard 
tables, relating aortic cross-section to age and 
body surface, were compiled by Bazett from data 
collected by Suter on autopsy material (6). The 
magnitude of the error introduced by applying 



Fig. 2 . Internal Cross-section Area of Aorta in sq. cm. in 31 Normal Subjects 
Estimates of this measurement obtained from Bazett’s table are compared wnth measurements calculated from 
the smallest diameter of the aorta near the aortic ring after diodrast visualization. 
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these figures to living subjects is not known, but 
it can readily be shown that any considerable error 
in the estimate of aortic cross-section will sig- 
nificantly affect the calculated cardiac output. 
For example, a 50 per cent error in aortic cross- 
section (let us say, 3 sq. cm. instead of 2 sq. cm.) 
will result in a 22 per cent error in stroke volume 
as calculated by Starr’s wave area formula. The 
error in stroke volume varies with the error in 


aortic cross-section according to the approximate 
formula ^ where 5 = stroke volume and 


A — aortic cross-section. 


To test the accuracy of Bazett’s figures, the in- 
ternal diameter of the ascending aorta at its nar- 
rowest point was measured directly in 31 normal 
subjects after visualization of the aorta with dio- 
drast.® 


The correlation found by Bazett between age, 
body surface, and aortic cross-section was con- 
firmed, but a more rapid increase in aortic cross- 
section with increasing body surface was found in 
each age group. Because of this the diodrast 
measurements are in general considerably higher 
than the estimates from Bazett’s tables. The 
values obtained by direct visualization are plotted 
against estimates obtained from Bazett’s data in 
Figure 3. The correlation coefficient r xy = 0.53, 
S.E. =p 0.12 is significant, for F = less than 0.01. 
To apply a correction factor to Bazett’s figures by 
using the calculated regression formula is unjus- 
tified because of the small size of the sample, the 
lack of information regarding variations in the 
size of the aorta on successive diodrast visualiza- 
tions, and the large error involved in the use of 
this formula as shown by the standard error. 

Since a correction factor could not be applied, 
the diameter of the aorta was measured by dio- 
drast visualization in 5 of the subjects in whom 
the cardiac output had been measured by both 
direct Fick and ballistocardiographic methods. 
These 5 subjects were representative of the 
larger group since the average difference between 
Fick and ballistocardiographic determinations was 
very nearly the same as the average difference for 
the entire group of 14, being 17.3 per cent as 
opposed to 18.5 per cent. It is significant, there- 

8 The aortic visualization had been performed by Drs. 
Robb, Steinberg, and Roche, who very kindly placed this 
material at our disposal. 


TABLE III 

Comparison between direct Fick and ballistocardiograph 
stroke volume in 5 subjects. Influence of direct measure- 
ment of the aorta (diodrast) in the determination of stroke 
volume by ballistocardiograph 






Stroke volume 

Subject 

Age 

Body 

surface 

area 

section area 

Baliisto- 

cardiograph 

Direct 




Bazett 

Dio- 

drast 

Bazett 

Dio- 

drast 

Fick 

W.O’Bo... 

49 

SQ. m. 

1.88 

1 

sq. cm. 

4.08 1 5.72 

70.2 

cc, 

83,2 

79.1 

P.H 

52 

1.80 

4.02 

5.31 

61.6 

70.7 

68.4 

J.L 

39 

1.68 

3.02 

5.73 

52.2 

71.5 

69.7 

J.D 

21 

1.79 

2.38* 

4.15 

49.0 

64.3 

60.8 

F.L 

61 

1.66 

4.70 

5.88 

73.1 

81.8 

81.2 


* Estimated on basis of best weight. 


fore, that, as shown in Table III, the difference 
between direct Fick and ballistocardiographic re- 
sults averaged only 3.5 per cent when the ballisto- 
cardiograms were re-calculated using diodrast 
measurements of the aortas. 

It thus appears probable that the use of Bazett’s 
figures for the internal cross-section of the aorta 
introduces an error into the calculation of cardiac 
output by Starr’s wave area formula, and that in 
the 5 cases studied, correction of this error by 
direct measurement of the aortas resulted in good 
agreement between ballistocardiographic and di- 
rect Fick methods. 

SUMMARY AND CONCLUSIONS 

1. The accuracy of the ballistocardiographic 
method of cardiac output determination was tested 
by comparing it with a method based on the Fick 
principle. 

2. The technique of the direct Fick determina- 
tion, involving catheterization of the right auricle, 
was discussed. 

3. Fourteen almost simultaneous pairs of car- 
diac output determinations were compared, m 
which the following criteria were satisfied: pulse 
rate varied less than 4 beats ; ballistocardiograms 
were normal in shape, regular, and easily read 
able; cardiac output calculated separately from 
oxygen consumption and from carbon dioxide 

elimination checked closely. 

4. Cardiac output as determined by the direct 
Fick method was found to be larger by 18.5^ per 
cent than the value calculated from the ballisto- 
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I foot 


Fig. 3. 

A. Side view of the ballistogrraph showing platform (I), driving lever (2), recording lever (3). 

B. Top view, showing position of platform with respect to frame and position of calibrating spring { 4 ). 

C. End view, showing platform suspended by spring steel strips (5). 

D. Cross-section of platform and frame, showing arrangement of stmt (P) between frame { 8 ) and platform (7), 
thereby preventing lateral movement. At either end, the % inch strut is connected to platform and frame, 
respectively, by a strip of spring steel ^ inch by ^^2 inch. 


cardiogram, using Bazett’s tables for the internal 
cross-section of the aorta. 

5. Using figures for aortic cross-section ob- 
tained by diodrast visualization in 5 cases, cardiac 
output as calculated from the ballistocardiogram 
was found to check very closely with the values 
obtained by the direct Pick method, the average 
difference being 3.5 per cent. 


6. On the basis of these findings, it is suggested 
that the accuracy of cardiac output determination 
with the ballistocardiograph may be improved (1) 
by correcting the calculated value by an amount 
equal to the average error found experimentally, 
i.e. 18.5 per cent, or (2) by introducing in the 
formula a value for internal cross-section of the 
aorta based on diodrast Usualization. 




294 


ANDRE COURNAND, H. A. RANGES, AND R. L. RILEY 

APPENDIX 

THE DESIGN OF THE BALLISTOCARDIOGRAPH 
By DUGALD E. S. BROWN 

(Department of Physiology, New York University College of Medicine) 


The design of the ballistocardiograph follows, in gen- 
eral, the- principles of that of Isaac Starr (2). The 
major problem faced in a portable model is the elimina- 
tion of distortion and vibrations arising from faulty 
design. The short suspension elements and the position 
of the driving lever and optical recording units were 
selected as being most suitable for the purpose. Damping 
of the platform would greatly improve the records but 
does not appear necessary at the present time. 

• The framework throughout is of angle iron, m inches 
wide and % inch thick, reinforced with bands 1^4 inches 
by % inch. The platform is covered with % inch ply- 
wood and, if desired, may be covered with a sponge 
rubber mat 1 inch in thickness. 

The platform is suspended by four strips of spring 
steel, 5 inches long, % inch wide, and %2 inch thick. It 
is fitted with a locking device at the foot to immobilize 
the platform when necessary. Lateral stabilization of the 
platform is obtained by struts (Figure 1, D, 6) of the 
type employed by Starr. 

The driving lever (Figure 1, A, 2) is a strip of tool 
steel, 5% inches by % and % inch in thickness. The 
platform rests against the lever % inch from the fulcrum 
through a knife-edge strip of tool steel. An aluminum 
extension, braced to eliminate secondary vibrations, pro- 
vides a light extension of the driving lever to its attach- 
ment to the recording lever (Figure 1, A, 3). 

The recording lever, of the torsion wire type, provides 
a positive connection to the driving lever at all times 
through a light piece of chain. The mirror is mounted 
rigidly on the torsion band to eliminate secondary free 
vibrations. It is front surfaced with aluminum and has 
a focal length of 0.25 D. 

The lamp, mounted on the head of the bed, has a 75 
watt projection bulb as a light source, a short focus con- 
densing lens and an adjustable slit. With a 0.25 D mir- 
ror, the image of the slit comes to a focus 0.5 meters 
behind the lamp. 

For purposes of calibration, a spring is provided which 
is attached between the frame and the platform at 4 
(Figure 1, B). Extension of the spring two centimeters 
exerts a force of 1000 grams upon the platform. 


The period of the platform under a given load de- 
pends on the length of the suspension strips, the elasticity 
of the driving lever, and the elasticity of the recording 
lever. If a shorter period (greater frequency) is desired, 
•the simplest procedure is to increase the thickness of the 
driving lever. Some amplitude will be lost, but this can 
easily be corrected for by moving the camera further 
from the mirror. In use, the bed must rest directly on 
a solid floor if the free period of 15 per second is to be 
retained. Best results are obtained when the bed is placed 
close to an outside wall at right angles to the axis of 
vibration of the floor, if such exists. 
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The Streptococcal antifibrinol 3 'sin test of Tiliett 
and Gamer (1) was at first thought to be diag- 
nostic of recent hemolytic streptococcal infections. 
Subsequent studies have shown, however, that the 
test maj' be non-specific, increased amounts of 
antifibrinolysin having been noted in other dis- 
eases, such as gonococcal arthritis (2) strepto- 
coccus viridans bacteremia (3) and pneumococcal 
pneumonia (4). 

The present communication deals with the rela- 
tion of sulfonamides to the production of anti- 
fibrinolysin, An increased resistance to fibrinoly- 
sis was found by Hines, Hoover, and Graff (5) 
in patients receiving sulfanilamide. This in- 
creased liquefaction time paralleled, in general, 
the rise or fall of the concentration of sulfanilam- 
ide in the blood stream, and the fibrinolysin time 
returned to its normal level in from two to five 
days after administration of the drug had been 
discontinued. From these results it seemed evi- 
dent that sulfanilamide in some manner increases 
the antifibrinolytic properties of the tissues of the 
host, and it was suggested that this action may 
aid the bacteriostatic properties of the drug by 
preventing the spread of organisms throughout 
the body. 

Since sulfonamides are used so widely at the 
present time, especially in diseases in which the 
antifibrinolysin test is of the greatest interest, it 
seemed worth while to attempt to confirm these 
results. 

PROCEDURE AND RESULTS 

Three strains of hemolytic streptococci were used as 
sources of fibrinolysin: 

Number 1, a solid Is^tic substance, prepared from a 
Lancefield group A organism isolated from a human 
infection. The method was that of Gamer and Tiliett 
(6), and fresh solutions, containing 5 mgm. per 0.5 cc. 
were prepared shortly before performing each test. 

Number 2, another Lancefield group A strain, selected 
especially because it produced considerably less fibrinolysin 
than the one used in making the solid substance. This 
was transferred daily in veal infusion broth. 


Number 3, a Lancefield group C strain, isolated from 
the blood stream of a bacteremic patient, which was also 
transferred daily in veal infusion broth. 

Numbers 1 and 3 regularly lysed normal human 
fibrin clots in twenty minutes or less. With Num- 
ber 2, lysis usually occurred in two to four hours. 
The fibrin clots of patients with recent hemolytic 
streptococcal infections showed partial or com- 
plete resistance to liquefaction with all three lytic 
strains. 

The antifibrinolysin tests were performed ac- 
cording to the method of Tiliett and Garner (1), 
except that the plasma fibrinolysin solution %vas 
incubated for fifteen minutes before adding CaQ^. 

Experiment 1 

Studies were made of the in vitro effect of 
sulfanilamide. Antifibrinolysin tests were per- 
formed in duplicate on the plasmas of seven nor- 
mal individuals. One tube contained no sulfa- 
nilamide, while the other contained the drug in a 
concentration of 20 mgm. per cent. Only the 
solid lytic substance was used in this experiment. 

Results. The liquefaction times varied from 
five to twenty-five minutes. The time required 
for lysis in the tubes containing sulfanilamide was 
in every instance almost identical with that in the 
tubes to which no drug had been added. These 
results are in agreement -with those of Huntington 
(7), who also found that the addition of sulfa- 
nilamide in vitro produces no effect upon the 
antifibrinolysin test. 

Experiment 2 

Antifibrinolysin tests were performed on six 
children with scarlet fever who were treated with 
full therapeutic doses of sulfanilamide or sulfa- 
thiazole. The tests were performed once or twice 
in the four or five days during which the drugs 
were administered. Again, only the solid Ijhic 
substance described above was used for the tests. 
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These patients were followed for several weeks 
after the drugs had been discontinued, antifibrino- 
lysin tests being performed at weekly intervals. 

Results. The liquefaction times during the 
period of sulfonamide administration were under 
twenty minutes in all instances. These deter- 
minations were made during the first five or six 
days of the disease, before an increase had oc- 
curred in the antifibrinolysin titer due to the 
streptococcal infection per se. Such an increase 
in the amount of antifibrinolysin did develop later 
in four of the six children, beginning during the 
latter part of the second week of the disease. In 
two, lysis occurred after several hours, while in 
the other two there was complete resistance to 
lysis at the end of twenty-four hours. Thus, it 
is evident that sulfonamide administration caused 
no increase in antifibrinolysin in these individuals 
who later developed high titers as a result of 
hemolytic streptococcal infection. 

Experiment 3 

Six patients on the medical wards, mostly diag- 
nostic problems with no demonstrable organic 
disease, were selected. All had normal tempera- 
tures and leukocyte counts. Antifibrinolysin tests 
were performed on two successive days before the 
administration of sulfonamides in order to estab- 
lish a constant base line. The three lytic sub- 
stances previously described were used in all the 
tests. The patients were then given sulfonamides 
orally, an initial dose of 4 grams followed by 1 
gram every four hours. Blood was collected at 
twenty-four hour intervals after the initial dose 
for antifibrinolysin tests and for determinations of 
sulfonamide blood levels which were made accord- 
ing to the method of Bratton and Marshall (8). 
Of the six patients, two received sulfanilamide, 
two sulfathiazole, and two sulfadiazine. In all 
instances the antifibrinolysin tests were begun 
within four hours after the plasma was collected. 

Results. The accompanying figure shows the 
results in all six patients. It can be readily seen 
that administration of the sulfonamides had no 
effect whatsoever upon the results of the anti- 
fibrinolysin tests. Blood levels of the magnitude 
desirable for therapy of severe infections were 
attained in most instances. Patient 6 received 
sulfadiazine for two weeks, during which the 


fibrinolysin times were the same as those shown 
on the chart. 

COMMENT 

Evidence is presented to show that sulfonamides 
have ho effect whatsoever on the streptococcal 
antifibrinolysin test, either in vitro or in vivo. 
These results are not in accord with those of 
Hines, Hoover, and Graff (5) who found that, 
in vivo, sulfonamide administration caused an in- 
creased resistance to fibrinolysis. 

The following explanation may account for these 
conflicting results ; Massed, Mote, and Jones (9), 
in studying the quantitative aspects of the antifibri- 
nolysin test, showed that, when the concentration 
of fibrinolysin is low, a very slight decrease in con- 
centration will produce marked prolongation of 
the liquefaction time. For example, a liquefaction 
time of four hours can be easily increased to 
twenty-four hours by decreasing only slightly the 
concentration of fibrinolysin. Such a weak lytic 
strain was apparently used in the experiments of 
Hines et al., for the initial liquefaction time was 
relatively long in every instance. Indeed, in spite 
of the statement that those with initial liquefac- 
tion times of over four hours were excluded, it 
can be seen from their protocols that two were in 
the neighborhood of five hours. Thus, any factor 
associated with sulfonamide administration which 
would only slightly decrease the fibrinolysin con- 
centration would cause an apparent increased re- 
sistance to fibrinolysis. One such factor might be 
the inhibiting effect of the sulfanilamide in the 
patient’s plasma upon the bacterial growth of the 
broth culture during the three or four hours 
required to perform the test. This might decrease 
the amount of fibrinolysin sufficiently to prolong 
markedly the liquefaction time. This would, of 
course, be an in vitro rather than an in vivo effect. 
The in vitro experiments of Huntington (7), and 
also those described here, were performed with 
more actively lytic strains, so that the results are 
not comparable. This explanation, if correct, is 
dependent upon a very weak lytic substance, since 
the amount of sulfonamide in the patient’s plasma 
is small. 

The Lancefield group C strain was actively lytic, 
comparable to the solid preparation of an active 
group A strain. Further studies of the immuno- 
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THIS FIGURE SHOWS THE RESULTS IN SIX PATIENTS, OF WHICH TWO RECEIVED SULFANILAMIDE,' TWO 
SULFATHIAZOLE, AND TWO SULFADIAZINE. SOLID LINE REPRESENTS BLOOD LEVELS. LYTIC STRAINS 
ARE AS FOLLOWS; NO. I. NO. 2 i : NO. 3. 

Fig. 1. Failure of Sulfonamide Administration to Effect the Streptococcal Antifibrinolyein 

in Vivo 


Test 












298 


WILLIAM M, M. KIRBY AND LOWELL A. RANTZ 


logical properties of this organism will be pre- 
sented elsewhere. The scarlet fever cases were of 
special interest. In them sulfonamide adminis- 
tration had no effect upon fibrinolysis but they 
later developed increased amounts of antifibrinoly- 
sin as a result of the hemolytic streptococcal in- 
fection. 

SUMMARY AND CONCLUSIONS 

Evidence is presented to show that sulfonamide 
administration, both in vitro and in vivo, has no 
effect upon the streptococcal antifibrinolysin test. 
The results of the in vivo experiments are not in 
agreement with those reported from another lab- 
oratory. The reasons for this discrepancy are 
discussed. 
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The frequenc}' wth which chronic non-hemoly- 
tic jaundice occurs in other^vise healthy young 
persons is not commonly recognized, nor is it 
usually appreciated how often an uncomplicated 
attack of catarrhal jaundice is followed by residual 
liver dysfunction which persists long after the 
acute episode. 

The present study was prompted by the acci- 
dental discovery of a relatively large number of 
medical students with chronic jaundice and a 
history of a previous attack of catarrhal jaundice 
in Uvo of them. A group of persons long recov- 
ered from catarrhal jaundice "was investigated and 
also a control group of persons presumably nor- 
mal. The bilirubin excretion test was used in all 
cases because of its reliability in detecting lesser 
degrees of liver dysfxmction. 

METHODS 

Bilirubin excretion test. The method of Von Bergmann 
and Eilbott (1, 2) was used with modifications. Biltrubin 
(Eastman Kodak) was given under basal conditions in 
a dose of 15 mgra. per kilogram of body weight. No 
untoward reactions were observed when fresh materials 
were used. A retention at 4 hours in excess of 15 per 
cent was regarded as abnormal. 

Bilirubin determination, qualitative and quantitative. 
The photoelectrometric method of Malloy and Evelyn (3) 
was used. Hemolysis was avoided and anab'ses which 
failed to check within 2 per cent were rejected. The 
Evelyn colorimeter manual gives the range of normal 
serum values for direct bilirubin as 0.1 to 0.4 mgm. per 
cent and for indirect (total) bilirubin as 05 to 0.7 mgm. 
per cent. The ratio of the direct to indirect bilirubin is 
given clinical significance when elevated values occur. 
The ratio is high (0.60 to 0.80) in obstructive jaundice, 
intermediate (055 to 055) in diffuse parenchymal damage, 
and low (0.15) in hemolytic jaundice. 

Bromsulphalein excretion test. A dose of 5 mgm. per 
kilogram of body weight was injected intravenously and 
a retention in excess of 10 per cent at 30 minutes was 
regarded as abnormal. Galactose tolerance test. Forty 
grams of the sugar were given orally; a urinary output 
of more than 3 grams within 5 hours after ingestion was 


regarded as indicative of liver damage. Cholecystogram. 
A dose of tetraiodophenolphthalein was administered 
orally 18 and 12 hours before the test. Fragility of red 
blood cells to hypotonic solutions of sodium chloride. 
The method of Waugh and Asherman (4) was used 
with saline. Determinations were made with the Evelyn 
colorimeter. Sedimentation rate. The Wintrobe method 
was used. Values from 0 to 9 mm. per hour were re- 
garded as normal for males. Reticulocyte count. The 
“wet” method was used. A drop of capillary ear blood 
was placed on a do' fibu of cresj'l blue (in saturated 
alcohol solution), and the reticulocytes in 1000 red blood 
cells were coimted. The normal range was considered to 
be 0 to 25 per cent. Urobilin. The Schlessinger reaction 
was used for the qualitative determination of urobilin in 
the urine. A defim'te fluorescence in the filtrate was a 
positive test. Urobilinogen. Ehrlich’s aldehyde method 
was employed for the detection of excess urobilinogen in 
the urine. A red color in a dilution greater than 1 : 10 
was a positive test. Vitamin A absorption test and plant 
pigment determination. The method of Chesney and Mc- 
Coord was used. Fish liver oil containing 7000 U.S.P. 
vitamin A units for each kilogram of body weight was 
given. The vitamin A content of the blood was measured 
by the McCoord and Luce-Qausen (5) modification of 
the Carr and Price technique. The analysis for the 
carotenoids or plant pigments (xanthophyll and carotene), 
which was necessary for the correction of vitamin A 
results, was done by the method of Clausen and Mc- 
Coord (6). 

RESULTS 

1. Persons presumed to be normal. For this 
group, subjects were selected who gave no indi- 
cation of liver dysfunction by histoiy or physical 
examination. They were in the yoimger age 
groups and were recovering from minor surgical 
operations. 

The basal serum bilirubin concentrations which 
were generally below 0.8 mgm. per cent are in 
Table I, and the individual values during the ex- 
cretion test are in Table II. Of 22 persons tested, 
95 per cent retained less than 15 per cent of the 
injected bilirubin and 73 per cent retained less 
than 10 per cent. The sole p>erson who retained 
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TABLE I 

Distribution of basal bilirubin values in persons presumed to 

be normal 


Range: 0.114 mgm. per cent to 0.900 mgm. per cent 

Mean concentration : 0.398 mgm. per cent 

Standard deviation: 0.184 mgm. per cent 


Serum bilirubin 

Number of cases 

Per cent of total 

mgm. -per cent 

0.000-0.199 

3 

10 

0.200-0.399 

11 

38 

0.400-0.599 

12 

41 

0.600-0.799 

2 

7 

0.800-0.999 

1 

4 

Total 

29 

100 


TABLE II 

Individual bilirubin excretion test values in persons pre- 
sumed to be normal 


Per cent retention at 240 minutes 

_ C 24 O minutes ~ ^0 minutes ^ jqq 
^ 6 minutes Cq minutes 


Case 

num- 

ber 

Age 

Serum bilirubin 

Per cent 
retention 
at 240 
minutes 

0 

min- 

utes 

s 

min- 

utes 

30 

min- 

utes 

60 

min- 

utes 

90 

min- 

utes 

240 

min- 

utes 



mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 



years 

Per 

per 

per 

per 

per 

per 




cent 

cent 

cent 

cent 

cent 

cent 


1 

5 

0.298 

2.430 

1.330 

0.881 

0.663 

0.503 

9.4 

2 

29 

0.114 

2.140 

1.200 

0.628 

0.522 

0.282 

8.4 

3 

28 

0.114 

2.610 

1.220 

0.700 

0.556 

0.332 

8.8 

4 

31 

0.264 

2.810 

1.240 

0.863 

0.628 

0.503 

9.4 

5 

16 

0.400 

3.250 

1.560 

1.010 

0.790 

0.538 

4.9 

6 

16 

0.645 

3.920 

2.400 

1.590 

1.300 

0.975 

10.1 

7 

14 

0.522 

3.860 

2.160 

1.360 

1.070 

0.682 

4.8 

8 

13 

0.592 

4.200 

2.450 

1.630 

1.320 

0.900 

8.6 

9 

13 

0.418 

3.060 

1.520 

0.938 

0.718 

0.645 

8.7 

10 

20 

0.574 

3.770 

2.100 

1.440 

1.090 

0.918 

10.6 

11 

14 

0.490 

3.350 

2.030 

1.340 

1.070 

0.790 

10.5 

12 

23 

0.430 

3.330 

2.030 

1.430 

1.110 

0.830 

13.8 

13 

19 

0.131 

2.380 

1.010 

0.592 

0.434 

0.204 

3.6 

14 

23 

0.500 

3.120 

1.590 

1.010 

0.790 

0.540 

1.5 

15 

20 

0.214 

3.460 

1.610 

1.002 

0.790 

0.522 

9.6 

16 

33 

0.282 

3.060 

1.740 

1.010 

0.700 

0.452 

6.1 

17 

25 

0.503 

4.610 

2.590 

1.730 

1.350 

0.955 

11.0 

18 

23 

0.900 

4.320 

2.960 

2.430 

2.080 

1.560 

19.6 

19 

24 

0.538 

3.770 

2.170 

1.420 

1.120 

0.790 

7.7 

20 

22 

0.347 

2.060 

1.080 

0.760 


0.450 

5.9 

21 

20 

0.330 

2.780 

1.420 

0.880 


0.540 

8.6 

22 

20 

0.420 

3.240 

1.460 

0.810 


0.560 

5.0 

23 

7 

0.247 


1.090 

0.647 

0.469 



24 

5 

0.214 


1.078 

0.594 

0.358 



25 

5 

0.307 


1.550 

1.097 

0.857 



26 

9 

0.264 


1.710 

1.024 

0.724 



27 

10 

0.264 


1.540 

1.070 

0.770 



28 

14 

0.486 


1.840 

1.280 

0.975 



29 

21 

0.718 


2.120 

1.520 

1.200 




in excess of 15 per cent of the injected bilirubin 
was the one who had the extreme basal bilirubin 
value of 0.900 mgm. per cent. Mean bilirubin val- 
ues at various time intervals during the test are 


TABLE III 

Mean bilirubin excretion test values in persons presumed to 
be normal and others long recovered from catarrhal 
jaundice 

The values at 0 minutes are the basal bilirubin levels. 
Ci — Co = Concentration at time, “i," minus basal 
bilirubin concentration, "0”. The mean bilirubin values 
are followed by their standard errors. The mean values 
for the two groups were significantly different at each time 
period except the one at 5 minutes. 



"Normal" group 

"Post-catarrhal jaundice'* 
group 









Num- 


Coef- 

Num- 


Coef- 


ber 

Mean value 

ficient 

ber 

Mean values 

ficient 


of 

(Ci-Co) 

of vari- 

of 

(Ci-Co) 

of vari- 


cases 


ation 

cases 


ation 








utes 







0 

29 

0.396db0.034 

0.460 

17 

0.616±0.061 

0.408 

5 

22 

2.760±0.106 


16 

2.940 ±0.080 

iiji ^ 

30 

29 

1.320db0.065 

0.268 

17 

1.650±0.085 

|i]k iM 

60 

29 

0.7l0db0.048 

0.366 

17 

1.120±0.085 

hlK k| 

90 

26 

0.490±0.039 


17 

0.870±0.085 

|9 je m 

240 

22 

0.240db0.030 

HI 

17 

0.540±0.073 

B 


in Table III. Figure 1 contains a composite 
curve of these mean bilirubin values, and Figure 
2 shows the linear relationship which is obtained 
when these values are plotted against the logarithm 
of time. 

2. Persons long recovered from catarrhal jaun- 
dice. The subjects for this group were chosen 
completely at random from the hospital records 
of adequately studied and confirmed cases of 
acute catarrhal jaundice. They were generally 
children or young adults who, during their acute 
episode of jaundice, had symptoms of malaise, 
nausea, and abdominal pain. There was a sudden 
onset of jaundice which often coincided with 
symptomatic improvement. A familial incidence 
was noted in half of the cases. Fever, hepato- 
megaly, leukopenia with an increase in the per- 
centage of mononuclear cells, bilirubinuria, and 
acholic stools were found in most cases. Hyper- 
bilirubinemia was always present with an imme- 
diate direct van den Bergh reaction when tested. 
Treatment was symptomatic and recovery in each 
case was rapid and uneventful, with a prompt fall 
of the serum bilirubin level to near normal limits. 

Individual serum bilirubin values during the 
excretion test are shown in Table IV, and the 
mean values in Table III. The latter have been 
shown to differ significantly from those for the 
“normal” group. Of 16 persons tested, 63 per 
cent retained more than 15 per cent of the in- 
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Fig. 1. Composite Curves of Mean Serum Bilirubin Values during the 

Excretion Test 


jected bilirubin and 95 per cent retained more 
than 10 per cent. Composite curves for the data 
in Table III are in Figures 1 and 2. 

Among the 10 persons who showed an abnormal 
bilirubin excretion curve, a histoiy at the time of 
the test revealed 4 with symptoms suggestive of 
liver dysfunction (Cases 30, 33, 40, 45), 3 with 
only vague abdominal pains or anorexia (Cases 35, 
37, 44), and 3 without any symptoms (Cases 31, 
32, 36). The pertinent clinical data of 5 of 
these 10 patients are presented here. 

Case 30. A 12-year-old boy has been followed in the 
pediatric clinic since the age of 6 years for enuresis, habit 
spasms, and temper tantrums. His father has a comml- 
Mve disorder, and the home environment is unstable. In 
October 1940 he had an attack of catarrhal jaundice and 
was discharged after 5 days. In the Out-Patient Depart- 


ment he complained of anorexia, fatigue, malaise, right 
upper quadrant tenderness, and mild epigastric pain. 
Four months after discharge he was readmitted to the 
hospital for severe paraumbilical pain, nausea, vomiting, 
marked distension, and foul flatus. The only positive 
findings were a fiat glucose tolerance curve and an ab- 
normal excretion of bilirubin despite normal basal bili- 
rubin values. Supportive care eased the symptoms, and 
he was discharged with the diagnosis of aerophagia. He 
continued to be irritable, became fatigued easily, and 
complained of diffuse abdominal pain, nausea, flatulence, 
headaches, and severe constipation. Two weeks later he 
returned to the hospital with frank jaundice, an enlarged 
tender liver, and a readily palpable spleen. Again com- 
plete hematological, chemical, and x-ray studies were 
entirely negative, except for a basal bilirubin level of 1.22 
mgm. per cent and a bilirubin retention of 41.8 per cent. 
Other tests of liver function were repeatcdlj' negative. 
After a 2-week dietary regime of low fat and high car- 
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Fig, 2, Composite Curves of Mean Serum Bilirubin Values during the 
Excretion Test Plotted Against the Logarithm of Time 


bohydrate and protein intake, he was discharged as 
improved. 

Case 31. This 49-year-oId laborer had catarrhal jaun- 
dice in August 1940. A gastro-intestinal series revealed 
a tender, incompletely filled duodenal cap; other studies 
were negative. Eight months later his basal bilirubin 
level was 1.22 mgm. per cent with a D/I (direct: indi- 
rect) ratio of 0.38 and a 4-hour bilirubin retention of 47.8 
per cent. His liver was firm and palpable 5 cm, below 
the costal margin, but he was asymptomatic. He admitted 
moderate alcohol ingestion. 

Case 33. This 20-year-o!d male has been studied in 
this clinic since the age of 14. His most frequent com- 
plaints were malaise and shifting abdominal pains. In 
September 1938 he was hospitalized for a 2-day episode 
of unexplained diarrhea with high fever and in April 
1940 for catarrhal jaundice. Three months later he re- 
turned to the Out-Patient Department with complaints of 
epigastric distress and flatulence, A gastro-intestinal 
series revealed a slightly irritable cap. The diagnosis was 


psychoneurosis. One year after his episode of jaundice, 
he still complained of malaise, anorexia, flatulence, irri- 
tability, and persistent pain in the upper abdominal quad- 
rants. The basal bilirubin level was 0.860 mgm. per cent 
with a D/I ratio of 0.31 and a 4-hour retention of 21.1 
per cent. A gallbladder series was normal. 

Case 40. This 29-year-old hospital orderly had catar- 
rhal jaundice in September 1939. He had residual belch- 
ing, flatulence, abdominal distension, and a dull aching 
pain in the right upper quadrant. He could obtain no 
medical relief and resorted to herb remedies. He felt 
irritable and tired, and drank moderate amounts of al- 
cohol. One and a half years after his jaundice, the basal 
bilirubin level was 0.520 mgm. per cent, and he still re- 
tained 18.2 per cent of the injected bilirubin at 4 hours. 
His liver was tender and palpable 2 cm. below the costal 
margin. 

Case 45. This I6-year-old boy had catarrhal jaundice 
in February 1938. He visited the Out-Patient Depart- 
ment a few months after his recovery with complaints 
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TABLE IV 

Itidiridual bilirubin excretion test values in persons long recovered from catarrhal jaundice, March 1941 
The basal bilirubin values ranged from 0.264 to 1.280 mgm. per cent with a mean value of 0,616 mgm. per cent and a 

standard deviation of 0,252 mgm. per cent. 


Case number 

Age 

Intcr\’al 

since 

catarrhal 

jaundice 

Serum bilirubin 

. 

Per cent 
retention 
at 240 min. 

0 minutes 

5 minutes 

30 minutes 

60 minutes 

90 minutes 

240 minutes 


years 

months 

mgm. per cent 

mgm. Per cent 

mgm. per cent 

mgm. Per cent 

mgm. per cent 

mgm. Per cent 


30(2/2) 

11 

4 

0.628 

3,040 

2.490 


1.950 

1.560 

37.6 

(217) 



0.503 

3.360 

2.360 

1.860 

1,580 

1.200 

24.5 

(3/1) 


5 

1.280 

5.090 

3.920 


3.220 

2.870 

41.8 

31 

49 

8 

1.220 

4.170 

3.180 


2.490 

2.630 

47.8 

32 

10 

10 


3.950 

2.890 


1.970 

1.360 

20.8 

33 

19 

11 

0.863 

3.980 

2.780 


1.990 

1.520 

21.1 

34 

12 

13 


2,990 

1.590 


0.808 

0.610 

10.5 

35 

23 

13 

0.660 

3.550 



1.660 

1.140 

16.6 

36 

13 

13 

0.660 

3.120 


1.690 

1.380 

1.180 

2I.I 

37 

15 

14 

1.010 

3.740 

2.910 

2.570 

2.400 

1.650 

23.4 

38 

20 

16 

0,682 

3.430 

2.120 

1.400 

1.180 

1.030 

12,7 

39 

13 

16 

0.522 

3.400 

2.030 

1.420 

1.190 

0.881 

12.8 

40 

29 

18 

0.520 

3.710 

2.240 

1.820 

1.380 

1.100 

18.2 

41 

7 

23 

0.400 


1.360 

0.920 

0.770 

0.522 


42 

8 

25 

0.231 

2.490 

1,320 

0.920 

0.700 

0.452 

9.7 

43 

15 

24 

0.574 

3.580 

2.260 

1.510 

1.190 

0.937 

12,3 

44 

11 

26 

0.264 

2.870 

1.710 

1.240 

1.010 

0.736 

18,2 

45 

15 

38 

0.503 

3.660 

2.380 

1.670 

1.460 

1.010 

16,1 

46 

22 

42 

0.556 

3.630 

2.260 

1.630 

1.440 

0.937 

12.4 


of fatigue, abdominal and chest pain, headaches, severe 
constipation, and inability to attain his former proficiency 
at school. Three years later the basal bilirubin level was 
0.503 mgm. per cent, and he retained 16.1 per cent of 
the injected pigment at 4 hours. The above mentioned 
symptoms were persistent 

3. Persons with chronic non-heniolytic jaundice. 
This group consists of 7 medical students and 1 
graduate chemistry student (Case 54). It arose 
as a result of casual observations of less than 
100 medical students and a selection of those who 
appeared to have an icteric tint to their sclerae. 
The laboratory studies of these individuals re- 
vealed the basal bilirubin level to be consistently 
elevated over a period of many months with a van 
den Bergh reaction indirect in type. The bili- 
rubin excretion was markedly retarded in every 
instance, and in several individuals other tests of 
liver function yielded positive results. The hema- 
tological, x-ray, blood chemical, and urinary studies 
were uniformly negative. In Table V are the 
assembled data for this group, and in Figures 1 
and 2 the composite bilirubin excretion curves are 
shown. Figure 3 contains the results of vitamin 
A absorption tests.^ 

^At present a further group is being investigated. 
Among the first and second year medical classes, com- 
prising approximately 120 persons, routine icterus indices 


Some interesting data were obtained from clini- 
cal histories and physical examinations of these 8 
individuals and they are summarized here. 

Case 47. This 26-year-old male had catarrhal jaundice 
in September 1938. His icterus index upon discharge was 
18 imits. In October 1939 he had unexplained abdominal 
cramps and diarrhea for several days and a palpable liver 
and spleen. In October 1940 his basal bilirubin level 
was 1.5 mgm. per cent, he was asymptomatic, and his 
liver and spleen were no longer palpable. 

Case 4S. This 25-year-oId male, at the age of 8, had 
the "yellow jaundice.” At the age of 17 he was exposed 
to carbon tetrachloride for 6 weeks, while working in a 
cleaning plant. He had drunk raw milk, and his agglu- 
tinin titre for Brucella melitensis was 1 : 80 in 1938. In 
1939, he had a tuberculous pleural effusion with recovery, 
following a year of sanitorium care. Subicteric sclerae 
were noted in January 1940. In October 1940 his basal 
bilirubin level was 1.36 mgm. per cent. 

Case 49. This 29-year-old male recalled having had 
"dirty-looking” eyes for many years. At the age of 19 
he worked in a gasoline filling station for one year. 
At 21 years he had acute appendictis, generalized peri- 
tonitis, pelvic abscess, and finally recovered without re- 


revealed 10 with elerated values. Bilirubin excretion 
tests on 6 of these persons, performed by Dr. E. B. ifil- 
lard, Jr., demonstrated basal bilirubin values of 1,45, 1.59, 
1.62, 1.63, 1.67, and 1.75 mgm. per cent with 4-hour 
retention percentages of 79.2, 70.7, 58.9, 70.9, 31.5, and 
47.9 respectively. 
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0.700 

0.538 

69;nuiui 0 uiqnji(iq 

qogjipui 0? ;o9Jip JO oijo^ 

l^WSCOOOOOWDM 

COCOCOCS^COCQC^ 

o o o o o o o' c> 

Gojnunu 0 
mqnJT{|q tmuas 

mgm. 

per 

cent 

0.486 

0.418 

0.522 

0.628 

0.770 

0.790 

0.918 

0.718 

Per cent 
retention 

24 

hours 

18.4 

19.4 

27.2 

6.0 

25.0 

17.6 

50.0 

46.2 

I'll 

34.4 

30.4 

45.4 

46.4 

42.7 

61.2 

46.4 

45.3 

Serum bilirubin 

m 

24 

hours 

mgm. 

per 

cent 

1.990 

2.280 

2.400 

2.050 

2.680 

2.700 

4.340 

4.840 

240 

min- 

utes 

mgm. 

per 

cent 

2.590 

2.730 

2.960 

3.580 

3.220 

4.230 

4.260 

4.810 

90 

min- 

utes 

mgm. 

per 

cent 

2.810 

3.250 

3.330 

4.140 

3.580 

4.550 

5.300 

60 

min- 

utes 

mgm. 

per 

cent 

3.060 

3.830 

3.570 

4.580 

3.740 

4.390 

4.780 

5.420 

30 

min- 

utes 

mgm. 

per 

cent 

3.710 

4.550 

3.980 

4.980 

4.040 

4.940 

5.230 

5.720 

5 

min- 

utes 

mgm. 

per 

cent 

6.050 

5.600 

4.650 

5.680 

4.980 

5.600 

6.150 

6.700 

0 

min- 

utes 

mgm. 

per 

cent 

1.300 

1.480 

1.560 

1.820 

1.910 

2.080 

2.030 

3.250 

Case 

num- 

ber 

47 

48 

40 

50 

51 

52 

53 

54 
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^ I EVELYN PHOTOELECTRIC UNIT = A PPROX I M ATE LY 3.1 


INTER NATIONAL UNITS 
Fig. 3. Vitamin A ABSOiumoN Test 


sidua. Subicteric sclerae were noted in 1939. In Oc- 
tober 1940 his icterus index was 14 units. 

Case 50. This 26-year-old male had jaundice neo- 
natally and once or twice in childhood. Since 1938 he 
has had flatulence, constipation, occasional vomiting, and 
generalized discomfort after eating. These symptoms are 
aggravated by emotional upsets. He has chronic sinusitis. 
In October 1940 his icterus index was 14 units. 

Case 51. This 25-year-old male had typhoid fever at 
S years. The icteric tint of his sclerae was noted in 
October 1940. In March 1941 his liver was tender and 
palpable 3 cm. below the costal margin. He complained 
of occasional drawing right upper quadrant pains. A 
maternal grandmother died of obstructive jaundice.^ 

Case 52. This 25-year-old male at 16 years aspirated 
a mercurial solution. This was followed by^ severe diar- 
rhea for several days and then recovery. At 19 he had 
an appendectomy for chronic abdominal pain with some 


relief. At 20 a physician casually observ’ed his sclerae 
to be yellow. The jaundice has been more notable during 
exacerbations of sinus disease. In April 1940 his icterus 
index was 22 units. All diagnostic procedures directed 
at the etiology of his jaundice during a hospital study 
were negative. Blood bilirubin levels of his family 
showed normal values for all but his mother, who had 
a level of 136 mgm. per cent with a D/I ratio of 036. 
A maternal grandmother died of hepatic cirrhosis at 72 
years after a lifetime of jaundice." 

Case 52. A 23-year-old male, whose jaundice was 
noted in November 1939, had at that time an icterus in- 
dex of 14 units. He complained of flatulence, a partial 


-A bilirubin excretion test in November 1941 revealed 
a basal value of 235 mgm. per cent with a 4-hour reten- 
tion of 643 per cent as compared with 613 per cent in 
March 1941. 
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TABLE VI 

Individtial bilirubin excretion test values in persons with miscellaneous conditions 


Case 

number 

Age 

Diagnosis 

Serum bilirubin 

Per cent 
retention 
at 240 
minutes 

0 

minutes 

s 

minutes 

30 

minutes 

60 

minutes 

90 

minutes 

240 

minutes 




mgm. Per 

mgm. per 

mgm. per 


mgm. per 

mgm. per 



years 


cent 

cent 

cent 

cent 

cent 

cent 


61 

60 

Carcinoma of pancreas 

4.550 


5.920 

5.310 


4.980 

18.2 

62 

18 

Hodgkin’s disease 

0.538 


1.390 

1.080 




64 

15 

Lymphosarcoma 

0.366 

2.490 

1.230 

0.753 


0.556 

8.2 

65 

59 

Lymphosarcoma 

0.500 

3.300 

1.990 

1.300 


0.880 

13.5 

66 

44 

Chronic lymphatic leukemia 

0.503 

2,700 

1.820 

1.360 

0.992 

0.863 

16.3 

67 

65 

Chronic myelogenous leukemia 

0.468 

2,610 

1.500 

0.968 

0.835 



68 

55 

Carcinoma of liver 

0.592 

2.990 

1.860 

1.320 

1.140 



69 

57 

Portal cirrhosis 

4.840 

7.180 

6.790 

6.200 

5.880 

5.340 

21.4 

70 

67 

Portal cirrhosis 

0.736 

3.920 


1.850 

1.610 

1.260 

16.4 

71 

10 

Paroxysmal hemoglobinuria 

0.418 

2.780 

1.910 

1.400 

1.090 

0.881 

19.5 

72 

36 

Hepatitis, convalescent 

0.592 

3.090 

1.650 

1.090 

0.937 

0.825 

9.6 


intolerance to fatty and fried foods, occasional shifting 
abdominal pains, and several episodes of unexplained 
diarrhea. Icterus levels were followed closely during the 
next year and varied between 10 and 20 units. Repeated 
x-rays of the gallbladder and intestinal tract, and hema- 
tological and blood chemical studies were negative. His 
mother died of an operative complication of cholecystec- 
tomy for chronic cholecystitis and cholelithiasis. A sister 
has symptoms of gallbladder disease. A maternal aunt 
had a cholecystectomy many years ago and is jaundiced 
at present. 

Case 54. Jaundice was discovered in this 24-year-old 
male during the routine blood chemical studies of indi- 
viduals doing research with arsenical gases. Traces (1 
gamma or less) of arsenic were found in the urine, hair, 
blood serum, and cells. Cadmium appeared as a trace in 
the urine, in a concentration of 3 gamma in the hair, and 
10 gamma per cc. in the blood serum. He remembered 
volatilizing cadmium and sulphur in a crucible 1 year ago. 
There was no known exposure to free arsenical fumes. 

4. Persons with miscellaneous conditions. The 
bilirubin excretion test was performed on a varied 
group of persons suspected of liver dysfunction. 
Positive results were obtained in 1 person with 
chronic leukemia, 2 persons with portal cirrhosis, 
and in 1 person with paroxysmal hemoglobinuria. 
Bilirubin excretion within normal limits occurred 
in 2 persons with lymphosarcoma and in 1 person 
recovering from jaundice coincident with pneu- 
monia. 

DISCUSSION 

Observations of 29 presumably normal indi- 
viduals indicate that the basal serum bilirubin 
level is generally below 0.8 mgm. per cent. Bili- 
rubin injected in a dose of 1.5 mgm. per kilogram 


of body weight is excreted by these subjects in 
a relatively uniform way, the retention at 4 hours 
after injection never exceeding 15 per cent. A 
comparison of these results with those in the 
literature is difficult because of the diverse tech- 
niques employed. 

A group of individuals, otherwise random, who 
were long recovered from a well-studied attack of 
catarrhal jaundice, differed significantly from these 
normal subjects. Of 16 individuals tested, 10 
gave evidence of abnormal excretion of bilirubin 
and 4 of these 10 described symptoms of liver 
dysfunction, which prior to the test had been 
unexplained. Their complaints were vague ab- 
dominal pains, flatulence, anorexia, and general 
malaise. Hepatomegaly and jaundice occurred in 
several individuals. These laboratory and clinical 
findings are in close agreement with those de- 
scribed by Kalk (7) and Soffer (8) and serve to 
emphasize, along with the more recent concept o 
the pathogenesis of catarrhal jaundice,^ that this 
disease is not so completely benign as it is com- 
monly regarded. Rather it is seen that long- 
lasting impairment of liver function, often asso- 
ciated with a suggestive symptom complex, is a 
frequent residuum of an uncomplicated episode o 
catarrhal jaundice. 

Eight cases of chronic non-hemolytic jaundice 
were discovered in a small body of medical stu- 
dents. Comparable experiences have been de- 
scribed by others. Polack (9) found 8 cases of 
jaundice in young persons which he ascribed to 
chronic hepatitis resulting from antecedent acute 
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episodes. Mculengracht (10) saw 24 persons be- 
tween the ages of 15 and 30 years who had mild 
chronic jaundice. He regarded the abnormality 
as a benign hepatic disorder rather than hemolj'tic 
jaundice, chronic hepatitis, or "physiological hy- 
perbilirubinemia.” A high incidence of medical 
students and physicians was noted in these groups, 
and it was attributed to the greater acuity of these 
persons in detecting slight degrees of jaundice. 

A careful study of the individuals in the present 
series revealed' a uniforml}' marked inability to 
e.xcrete intravenousty injected bilirubin. Galac- 
tose was excreted in excessive amounts in several 
members of the group, and one subject was unable 
to absorb ingested vitamin A. Bromsulphalein, 
x-ray, hematological, blood chemical, and urinary’ 
studies were negative. The etiology and the pre- 
cise nature of these disorders are not clear. Prob- 
ably they are examples of low-grade parenchymal 
dysfunction which have arisen from one or sev- 
eral causes, such as exposure to poisons or inflam- 
matory disease. 

Soffer (11) and others have stated that the 
bilirubin excretion test is contraindicated in the 
presence of hyperbilirubinemia, because of the 
manifest inability of the individual to excrete 
bilirubin. While these theoretical objections may 
possibly hold in purely obstructive types of jaun- 
dice, they do not apply with equal force to other 
types of jaundice. In the present study useful 
information has been derived from the application 
of the test to persons with low-grade chronic 
non-hemolytic jaundice. Methods of calculation 
(Weech ef al., 12) designed to eliminate the ef- 
fect of elevated basal bilirubin levels, yield results, 
in this group of individuals, which do not differ 
from those reported here •with the use of the con- 
ventional retention formula, originally proposed 
by Von Bergmann and Eilbott (1, 2). Also there 
are several reports (13, 2, 7, 14) of normal ex- 
cretion in the presence of jaundice. 

Von Bergmann and Eilbott found the rate of 
bilirubin excretion to be proportional to the con- 
centration in the blood at any particular time. 
This relationship was not obtained from the pres- 
ent data. From the linear relation of the serum 
bilirubin values to the logarithm of time (Figure 
2), it can be inferred that within limits the excre- 
tory rate varies inversely’ with time. Although 


simple, this relation gives little information about 
the kinetics of bilirubin removal. 

Weech et al. (12) propose a formula for the 
measurement of bilirubin excretion based on the 
assumption that within certain defined limits the 
excretoiy rate is approximately proportional to 
the square of the plasma concentration. This for- 
mula was applied to the data of the present in- 
vestigation, and the results were compared with 
those obtained 'W’ith the conventional retention 
formula. The coefficient of correlation, “r” 
(product moment), for the entire body of data 
was 0.68 and that for the group ■with chronic non- 
hemolytic jaundice, separately, was 0.86. 

Dragstedt and Mills (15) in study’ing the re- 
moval of intravenously injected bilirubin in dogs 
were puzzled by' the low concentrations present in 
the serum 5 minutes after injection. They ob- 
tained only 40 per cent of the concentration calcu- 
lated to be there if the material were distributed 
solely in the plasma, whereas in the present studies 
of human subjects these 5-minute -values were 
usually close to 100 per cent. These workers 
(16) also concluded as a result of reticulo-endo- 
thelial cell blockade experiments in dogs, that 
bromsulphalein retention occurred whenever jaun- 
dice was present. However, the group of indi- 
viduals with chronic non-hemolytic jaundice in 
this study showed no pathological retention of 
bromsulphalein. 

CONCLUSIONS 

1. Persons long recovered from catarrhal jaun- 
dice show an abnormal retention of bilirubin and 
possess symptoms of liver dysfunction in a con- 
siderable percentage of the cases. 

2. Chronic non-hemolyTic jaundice occurs in 
otherwise healthy young persons much more fre- 
quently’ than has been commonly recognized. 

3. Presumably normal persons have basal bili- 
rubin -values which fall within a narrow range 
and excrete intravenously’ injected bilirubin in a 
relatively’ uniform way’. 

4. The bilirubin excretion test is a reliable and 
sensitive test of liver function. 

I -wish to express my gratitude to Professor WiJIiara 
S. McCann whose encouragement made this work pos- 
sible. I am also indebted to Mr. A. V. Wolf for his 
helpful advice throughout the course of this work. 
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VITAMIN A DEFICIENCY IN LAENNEC’S CIRRHOSIS. THE RELATIVE SIGNIFI- 
CANCE OF THE PLASMA VITAMIN A AND CAROTENOID LEVELS 
AND THE DARK ADAPTATION TIME^ 
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Recent studies (1 to 9) have reported the oc- 
currence of vitamin A deficiency in patients having 
cirrhosis of the liver. It has also been shown that 
a lowering of the amount of vitamin A available 
to the tissues may result from reduced vitamin A 
intake (10 to 14), and from faulty gastro-intes- 
tinal absorption (6, 15, 16), especially when asso- 
ciated with jaundice (16). It is known, more- 
over, that febrile states reduce the level of vitamin 
A in the blood (17, 18). Since both faulty 
gastro-intestinal absorption and fever (19) may 
occur in Laennec’s cirrhosis, it is essential in a 
study of vitamin A deficiency in relation to this 
disease that these factors be controlled. In many 
of the published studies of the subject, either the 
appropriate controls are lacking, or the conditions 
bearing on these factors are unspecified. 

In previous papers data were presented which 
revealed that (a) patients with cirrhosis of the 
liver may have greatly delayed dark adaptation 
which is improved by massive daily doses of vita- 
min A (3, 4) ; (6) there is no evidence in such 
patients of a causal relation between the level of 
vitamin A in the blood and the dark adaptation 
time (20) ; (c) the vitamin A concentration in 
the liver of rats with carbon tetrachloride cir- 
rhosis was half that of normal rats fed the same 
amount of food and of vitamin A (21). 

It is our present purpose to compare the dark 
adaptation time and the blood plasma concentra- 
tion of vitamin A and of total carotenoid found in 
patients with Laennec’s cirrhosis with those found 
in normal persons and in patients with certain 
other diseases. 

METHODS 

Dark adaptation measurements and determinations of 
the concentration of vitamin A and of total carotenoid in 

^ Preliminary accounts of these measurements were 
presented to the American Society of Zoologists in De- 
cember, 1941 (Anat. Rec., 1941, 81, Suppl., 123, 124). 


the blood plasma and in the liver were made by methods 
described elsewhere (20) . Plasma vitamin A levels were 
expressed as international units (I. U.) per 100 ml. of 
plasma, plasma carotenoid levels as micrograms (pgm.) 
per 100 ml. of plasma, and liver vitamin A and carotenoid 
contents as I.U. and /igm., respectively, per gram of fresh 
tissue. The parameter of the dark adaptation function 
employed for comparison among the various subjects, 
called the dark adaptation time, is defined as the time in 
minutes required for the visual threshold to attain a value 
of 5.50 (in log micromicrolamberts) . This quantity re- 
cords variations in either the rate of adaptation or in 
the threshold level (20). The concentration of total 
cholesterol in the plasma was also determined, using the 
method of Bloor, Pelkin, and Allen (22). 

All of the patients studied received a high caloric diet 
providing a quantity of vitamin A estimated (23) at 
approximately 14,000 I.U. per day in addition to adequate 
amounts of other vitamins and minerals. No obvious 
pathology of the eye was observed in any of the patients. 
None of the patients with Laennec’s cirrhosis had jaundice 
or diarrhea at the time of the study. In most of these 
cases it was possible to determine the plasma vitamin A 
and carotenoid levels during completely afebrile periods. 

The patients were divided for comparison into the fol- 
lowing 3 clinical groups as judged by physical signs and 
laboratory tests: (i) patients with decompensated - 
Laennec’s cirrhosis, (2) patients with compensated Laen- 
nec’s cirrhosis, and (3) patients with certain other dis- 
eases (hospital controls) . The results of the blood analy- 
ses and visual tests on these groups were compared with 
similar data previously obtained (20) in normal subjects. 

The ratio of the concentration of plasma vitamin A to 
the concentration of plasma carotenoid (A/C ratio) was 

2 Patients with “decompensated” cirrhosis were bed- 
ridden. They generally gave the history of recent weight 
loss and failing strength. Examination showed a palpable 
liver and spleen, ascites, edema, and signs of collateral 
venous circulation. Laboratory tests gave evidence of 
severe derangement of liver function. 

Patients with “compensated” cirrhosis were ambulatory. 
They felt well. Although the liver and spleen were 
usually palpable, there was no ascites, edema, or jaundice. 
Laboratory findings were less abnormal than in the de- 
compensated group. The clinical differences between 
these groups are described more fully in another paper 
(19). 
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also compared among the 4 groups of subjects. If in 
Laennec’s cirrhosis the in vivo conversion of carotene to 
vitamin A is disturbed, or if the levels of the two blood 
components are depressed to different extents by the dis- 
ease process, this ratio should measure the degree of 
departure from normal relations. 

The individual measurements are presented in Tables I 
to III, and the mean values, standard deviations, and 
ranges are given in Table IV. Also given in Table IV 
are similar data on normal adults elsewhere reported (20) 
and, in addition, unpublished plasma cholesterol values on 
the same normal subjects. Measurements in certain pa- 
tients with Laennec’s cirrhosis (numbers 4, 28, and 41) 
appear in both Tables I and II due to changes in their 
clinical condition. 

In determining the statistical significance of the data, 
TABLE I 

Plasma vitamin A, carotenoid, and cholesterol, and dark 
adaptation time in patients with decompensated 
Laennec's cirrhosis 

When the value recorded represents an average, the 
number of observations is indicated in parenthesis. 


Pa- 

tient 

Sex 

Associated 

diseases, 

etc.* 

Plasma 
vita- 
min A 

Plasma 

caro- 

tenoid 

Vitamin A 

Plasma 

choles- 

terol 

Dark 

adap- 

tation 

time 

Carotenoid 




I.U. 

Hgm. 


mgm. 





Per 

per 


per 

minutes 




cent 

cent 


cent 


58 

f 


S(2) 

33(2) 

0.15 

168 

17.5 

7 

m 

At 

30 

17 

1.76 


17.0(2) 

5 

m 

At 

32 

50 

0.64 

239 

14.5 

18 

m 

D 

38 

75 

0.51 

166 


60 

m 


41 

45 

0.91 

242 


2 

m 

D 

43(2) 

60(2) 

0.72 

162 

18.4 

4 

m 


43(4) 

79 4) 

0,54 

262(4) 

23.9(5) 

11 

1 m 

D 

47 (2) t 

42(2) 

1.12 


36.0 

36 

m 

D 

47(3) 

103(3) 

0.46 

262(3) 

19.6 

1 

m 

A (Carcinoma 








of liver)t 

SO 

114 

0.44 



37 

f 

D 

56(3) 

113(3) 

0.50 

143(3) 

14.3 

54 

m 

At 

58(3) 

60(3) 

0.97 

212 

18.7 

38 

m 

A (Carcinoma 



1 





of liver) 

59 

44 

1.34 

282 


15 

f 


61(7) 

74(7) 

0.82 

230(5) 

27.9(6) 

12 

1 


62(3) 

113(3) 

0.55 


20.5 

35 

m 

D 

67(2) 

154(3) 

0.44 

204(3) 

16.2 

63 

m 


69 

28 

2.46 


13.1 

27 

f 

D 

73 

137 

0.53 



14 

m 

Lues, B 

75 

69 

1.09 

185 

13.2 

59 

f 


77 

36 

2.14 

352 

21.0 

17 

f 


82(2) t 

64(2) 

1,28 

175 

15.2 

57 

f 


85 

42 

2.02 

160 

18.8 

62 

m 


89 

50 

1.78 

242 

15.5 

49 

f 


95 

79 

1.20 

257 

44.7 

24 

m 


121 

58 

2.09 

154 

15.1 

6 

m 1 

D 

131(3) 

166(3) 

0.79 

321(2) 

14.3 

19 

m 

A 





16.0 

23 

f 






25.7(2) 

28 

m 

Acute 








glomerulo- 







i 

nephritis 








D 

1 




20.1(3) 

41 

m 






18.5 

42 

m 

A 





19.7 

43 

f 

B 





23.1 

44 

m 

A 





17.6 

46 

m 






14.9 

47 

f 

B, D 





18.7 

48 

m 

D 





16.0 

50 

f 

A 





19.0 

51 

m 

D 





24.0(5) 

Mean 



65 

72 

1.11 

240 

19.7 


* A denotes autopsy, B biopsy, and D died, no autopsy, 
t See Table V for vitamin A and carotenoid content of 

f Fever may have contributed to the low value. 


the methods and tables of R. A. Fisher (24) were em- 
ployed. A difference between two mean values was con- 
sidered significant if the probability of such a difference 
arising by chance was found to be less than 0.05 (1 
chance in 20). 

RESULTS 

Decompensated cirrhosis. Table I shows indi- 
vidual measurements of 38 patients with decom- 
pensated Laennec’s cirrhosis. These values may 
be compared with the range of normal values given 
in Table IV. In 24 of 26 cases the vitamin A 
level is below the lowest normal value; in 13 of 
26 cases the carotenoid level is below the lowest 
normal value ; in 26 of 33 cases the dark adapta- 
tion time is above the highest normal value; and 
in 8 of 26 cases the A/C ratio is below lowest 
normal and in no cases above highest normal. 

Compensated cirrhosis. Table II shows indi- 
vidual measurements of 27 patients with compen- 
sated Laennec’s cirrhosis. These are similar in 
most respects to those of Table I, but show less 
striking deviations from the normal. Moreover, 
in contrast to a tendency to low values shown by 
the decompensated cases, the A/C ratio is below 
normal in only 3 of 23 cases, while in 4 it is 
above normal. These quantitative differences be- 
tween groups I and II imply that the degree of 
change in such measurements may afford a crude 
index to the degree of liver dysfunction. 

Hospital controls. Table III presents data ob- 
tained from 38 patients having 25 miscellaneous 
diseases. In these patients a majority of the 
values are within the normal range. Of the 
abnormal values about one-half represent minimal 
deviations from the normal. It may be noted 
that the plasma cholesterol level is abnormally 
high in certain instances, as in the case of nephro- 
sis. On this account the mean value for the 
entire group is above normal, although not sig- 
nificantly so (Table IV). 

Table IV compares the ranges and mean values 
of the 3 groups of patients with those for corre- 
sponding measurements in normal persons. In 
calculating the mean dark adaptation time for the 
hospital controls there were included additional 
measurements of 40 patients having 16 miscel- 
laneous diseases. Statistically significant^ differ- 
ences exist between all the mean values in each 
column of Table IV except those designated by 
asterisks. 



VITAMIN A DEFICIENCY IN CIRRHOSIS 


311 


TABLE 11 


Plasma vitamin A, carotenoid, and cholesterol, and dark adaptation lime in patients with 
compensated Laennec's cirrhosis 

When the value recorded represents an average, the number of observations is indicated in parenthesis. 


Patient 

Sex 

Associated diseases, etc-’ 

Plasma 
vitamin A 

Plasma 

carotenoid 

Vitamin A 
Carotenoid 

Plasma 

cholesterol 

Dark adap> 
tation time 




2.V. per cent 

mm. per cent 


mgm. per cent 

minutes 

52 

m 

Mwedema 

5(21) 

170(21) 

0.30 

245(21)11 

27.3 

S 

m 

At-§ 

24 

179 

0.13 

207 


30 

f 


47 

58 

0.81 

185 


13 

m 


ms) 

108(3) 

0.67 

195 

11.3 

16 

f 

Chronic glomerulo- 

75(7) 

247(3) 

0.30 

383(17)11 

18.7(4) 



nephritis 






20 

m 


97t 

108 

0.90 


18.5(2) 

61 

f 


98 

40 

2.45 

238 

24.0 

32 

f 

Polyneuritis 

109 

108 

1.01 

197 


29 

f 

Diabetes mellitus 

115(2) 

25(2) 

4.60 

55611 

14.4 

28 

m 

D§ 

117 

87 

1.34 



3 

m 


113(12) 

169(12) 

0.79 

271(8) 

21.1(12) 

26 

m 


141 

58 

2.43 



33 

f 

Polyneuritis 

143(2) 

79(2) 

1.81 

285 

14.2 

31 

m 

Polyneuritis 

146(2) 

31(2) 

4.71 

256(2) 


9 

m 


151(3) 

122(3) 

1.25 

309(2) 

16.2 

4 

m 


152 

48 

3.17 

312 


25 

f 

Polyneuritis 

153(4) 

51(4) 

3.00 

235(2) 


56 

m 


164 

79 

2.08 

232 

10.4 

39 

m 


166 

47 

3.53 

386 


41 

m 


167 

8 

20.9011 



53 

m 


170 

62 

2.74 

278 


34 

f 

Polyneuritis 

175 

28 

6.25 

250 

13.8 

10 

m 


181 

112 

1.62 


16.2 

21 

ra 

Polyneuritis 





17.3 


f 

Polyneuritis 





20.0 


m 






25.6 








17.5 

Mean 



122 

88 

2.08 

271 

17.3 


A denotes autopsy, B biopsy, and D died, no autopsy._ 
t &e Table V for vitamin A and carotenoid content of liver, 
t Fever may have contributed to the low value. 

S Death not attributable to Laennec's cirrhosis. 

. I Omitted in computing the mean. The cholesterol values were omitted because these patients had diseases known to 
induce abnormally high blood cholesterol levels. 


The mean values (Table IV) of the plasma 
vitamin A and carotenoid, and of the dark adap- 
tation time, grow progressively more abnormal in 
the following order of the groups: normal con- 
trols, hospital controls, compensated cirrhotics, 
and decompensated cirrhotics. Thus all three 
variables are influenced in the same direction by 
the presence and by the severity of Laennec’s 
cirrhosis. 

The most striking departure from normal and 
from the hospital controls is exhibited by the 
plasma vitamin A level of the decompensated 
cirrhotics (Table IV). The mean value of the 
plasma vitamin A for this group is only % of 
normal compared with % of normal for the caro- 
tenoid level and 1% times above normal for the 
dark adaptation time. Moreover, 92 per cent of 


the vitamin A values are outside of the normal 
range compared with SO per cent of the carotenoid, 
31 per cent of the A/C ratio, and 79 per cent of 
the dark adaptation time values. The distribution 
of plasma vitamin A values within each of the 4 
groups of subjects is shown graphically in Fig- 
ure 1. 

The plasma vitamin A level clearly differen- 
tiates the compensated from the decompensated 
group of cirrhotic patients, the mean vitamin A 
level of the latter group being only that of the 
former. Although the mean carotenoid level is 
lower and the mean dark adaptation time higher 
in the decompensated than in the compensated 
group, the differences are relatively small and 
lack statistical significance (Table IV). 

The mean plasma A/C ratio of the decompen- 
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also compared among the 4 groups of subjects. If in 
Laennec’s cirrhosis the in vivo conversion of carotene to 
vitamin A is disturbed, or if the levels of the two blood 
components are depressed to different extents by the dis- 
ease process, this ratio should measure the degree of 
departure from normal relations. 

The individual measurements are presented in Tables I 
to III, and the mean values, standard deviations, and 
ranges are given in Table IV. Also given in Table IV 
are similar data on normal adults elsewhere reported (20) 
and, in addition, unpublished plasma cholesterol values on 
the same normal subjects. Measurements in certain pa- 
tients with Laennec’s cirrhosis (numbers 4, 28, and 41) 
appear in both Tables I and II due to changes in their 
clinical condition. 

In determining the statistical significance of the data, 

TABLE I 

Plasma vitamin A, carotenoid, and cholesterol, and dark 
adaptation time in patients with decompensated 
Laennec’s cirrhosis 

When the value recorded represents an average, the 
number of observations is indicated in parenthesis. 


Pa- 

Sex 

Associated 

diseases, 

etc.* 

Plasma 
vita- 
min A 

Plasma 

caro- 

tenoid 

Vitamin A 

Plasma 

choles- 

terol 

Dark 

adap- 

tation 

time 

tient 

Carotenoid 




I.V. 

ttgm. 


mgm. 

minutes 




per 

per 


per 




cent 

cent 


cent 


58 

f 


5(2) 

33(2) 

0.15 

168 

17.5 

7 

m 

At 

30 

17 

1.76 


17.0(2) 

S 

m 

At 

32 

SO 

0.64 

239 

14.5 

18 

m 

D 

38 

75 

0.51 

166 


60 

m 


41 

45 

0.91 

242 


2 

m 

D 

43(2) 

60(2) 

0.72 

162 

18.4 

4 

m 


43(4) 

79(4) 

0.54 

262(4); 

23.9(5) 

11 

m 

D 

47 (2) t 

42(2) 

1.12 

36.0 

36 

m 

D 

47(3) 

103(3) 

0.46 

262(3) 

19.6 

1 

m 

A (Carcinoma 





of liver) t 

50 

114 

0.44 



37 

f 

D 

56(3) 

113(3) 

0.50 

143(3) 

14.3 

54 

m 

At 

58(3) 

60(3) 

0.97 

212 

18.7 

38 

m 

A (Carcinoma 






of liver) 

59 

44 

1.34 

282 


IS 

f 

61(7) 

74(7) 

0.82 

230(5) 

27.9(6) 

12 

£ 


62(3) 

113(3) 

0.55 

20.5 

35 

m 

D 

67(2) 

154(3) 

0.44 

204(3) 

16.2 

63 

m 


69 

28 

2.46 


13.1 

27 

f 

D 

73 

137 

0.53 



14 

m 

Lues, B 

75 

69 

1.09 

185 

13.2 

59 

f 


77 

36 

2.14 

352 

21.0 

17 

f 


82(2) t| 

64(2) 

1.28 

175 

IS.2 

57 

f 


85 

42 

2.02 

160 

18.8 

62 

m 


89 

50 

1.78 

242 

15.5 

49 

f 


95 

79 

1.20 

257 

44.7 

24 

m 


121 

58 

2.09 

154 

15.1 

6 

m 

D 

131(3) 

166(3) 

0.79 

321(2) 

14.3 

19 

m 

A 



16.0 

23 

f 






25.7(2) 

28 

m 

1 

1 

Acute 

glomerulo- 

nephritis 





i 

! 20.1(3) 



D 





41 

m 






18.5 

42 

m 

A 





19.7 

43 

f 

B 





23.1 

44 

m 

A 





17.6 

46 

m 






14.9 

47 

f 

B, D 





18.7 

48 

m 

D 





16.0 

SO 

f 

A 





19.0 

51 

m 

D 




! 

24.0(5) 

Mean 



65 

72 

1.11 

240 

19.7 


* A denotes autopsy, B biopsy, and D died, no autopsy, 
t See Table V for vitamin A and carotenoid content of 
the liver. 

t Fever may have contributed to the low value. 


the methods and tables of R. A. Fisher (24) were em- 
ployed. A difference between two mean values was con- 
sidered significant if the probability of such a difference 
arising by chance was found to be less than 0.05 (1 
chance in 20). 

RESULTS 

Decompensated cirrhosis. Table I shows indi- 
vidual measurements of 38 patients with decom- 
pensated Laennec’s cirrhosis. These values may 
be compared with the range of normal values given 
in Table IV. In 24 of 26 cases the vitamin A 
level is below the lowest normal value; in 13 of 
26 cases the carotenoid level is below the lowest 
normal value ; in 26 of 33 cases the dark adapta- 
tion time is above the highest normal value; and 
in 8 of 26 cases the A/C ratio is below lowest 
normal and in no cases above highest normal. 

Compensated cirrhosis. Table II shows indi- 
vidual measurements of 27 patients with compen- 
sated Laennec’s cirrhosis. These are similar in 
most respects to those of Table I, but show less 
striking deviations from the normal. Moreover, 
in contrast to a tendency to low values shown by 
the decompensated cases, the A/C ratio is below 
normal in only 3 of 23 cases, while in 4 it is 
above normal. These quantitative differences be- 
tween groups I and II imply that the degree of 
change in such measurements may afford a crude 
index to the degree of liver dysfunction. 

Hospital controls. Table III presents data ob- 
tained from 38 patients having 25 miscellaneous 
diseases. In these patients a majority of the 
values are within the normal range. Of the 
abnormal values about one-half represent minimal 
deviations from the normal. It may be noted 
that the plasma cholesterol level is abnormally 
high in certain instances, as in the case of nephro- 
sis. On this account the mean value for the 
entire group is above normal, although not sig- 
nificantly so (Table IV). 

Table IV compares the ranges and mean values 
of the 3 groups of patients with those for corre- 
sponding measurements in normal persons. In 
calculating the mean dark adaptation time for the 
hospital controls there were included additional 
measurements of 40 patients having 16 miscel- 
laneous diseases. Statistically significant differ- 
ences exist between all the mean values in each 
column of Table IV except those designated by 
asterisks. 
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TABLE II 

Plasma vitamin A, carotenoid, and cholesterol, and dark adaptation lime in patients with 
compensated Laennec's cirrhosis 

When the value recorded represents an average, the number of observations is indicated in parenthesis. 


Patient 

Sex 

1 

Associated diseases, etc.* 

Plasma 
vitamin A 

Plasma 

carotenoid 

Vitamin A 
Carotenoid 

Plasma 

cholesterol 

Dark adap- 
tation time 




prr cent 

m. Per cent 


mgm. Per cent 

minutes 

52 

m 

Myxedema 

5(21) 

170(21) 

0.30 

245(21)11 

21.3 

8 

m 

Ah§ 

24 

179 

0.13 

207 


30 

f 

47 

58 

0.81 

185 


13 

' m 


72(3) 

108(3) 

0.67 

195 

11.3 

16 

f 

Chronic glomerulo- 
nephritis 

75(7) 

247(3) 

0.30 

383(17)11 

18.7(4) 

20 

m 

97t 

108 

0.90 


18.5(2) 

61 

f 


98 

40 

2,45 

238 

24.0 

32 

f 

Polyneuritis 

109 

108 

1.01 

197 


29 

f 

Diabetes raellitus 

115(2) 

25(2) 

4.60 

55611 

14.4 

28 

m 

D§ 

117 

87 

1.34 


3 

m 

113(12) 

169(12) 

0.79 

271(8) 

21.1(12) 

26 

m 


141 

58 

2.43 



33 

f 

Polyneuritis 

143(2) 

79(2) 

1.81 

285 

14.2 

31 

m 

Polyneuritis 

146(2) 

31(2) 

4.71 

256(2) 


9 

m 

151(3) 

122(3) 

1.25 

t 309(2) 

16.2 

4 

m 


152 

48 

3.17 

312 


25 

f 

Polyneuritis 

153(4) 

51(4) 

3.00 

235(2) 


56 

rn 

164 

79 

2.08 

232 

10.4 

39 

m 


166 

47 

3.53 

386 


41 

m 


167 

8 

20.9011 



53 

m 


170 

62 

2.74 

278 


34 

f 

Polyneuritis 

175 

28 

6.25 

250 

13.8 

10 

ra 

181 

112 

1.62 


16.2 

21 

ra 

PoljTieuritis 

B 

Polyneuritis 





17.3 

22 

f 





20.0 

40 

m 

1 




25.6 

45 

f 






17.5 

Mean 



122 

88 

2.08 

271 

17.3 


A denotes autopsy, B biopsy, and D died, no autopsy._ 

T Table V for vitamin A and carotenoid content of liver. 

I Fever may have contributed to the low value. 

H attributable to Laennec’s cirrhosis. 

I Omitted in computing the mean. The cholesterol values were omitted because these patients had diseases known to 
iduce abnormally high blood (iolesterol levels. 


The mean values (Table IV) of the plasma 
itamin A and carotenoid, and of the dark adap- 
ition time, grow progressively more abnormal in 
he following order of the groups: normal con- 
tols, hospital controls, compensated cirrhotics, 
nd decompensated cirrhotics. Thus all three 
ariables are influenced in the same direction by 
he presence and by the severity of Laennec’s 
irrhosis. 

The most striking departure from normal and 
rom the hospital controls is exhibited by the 
>lasma vitamin A level of the decompensated 
Irrhotics (Table IV). The mean value of the 
>lasma vitamin A for this group is only % of 
lormal compared with % of normal for the caro- 
enoid level and 1% times above normal for the 
i^rk adaptation time. Moreover, 92 per cent of 


the vitamin A values are outside of the normal 
range compared with 50 per cent of the carotenoid, 
31 per cent of the A/C ratio, and 79 per cent of 
the dark adaptation time values. The distribution 
of plasma vitamin A values within each of the 4 
groups of subjects is shown graphically in Fig- 
ure 1. 

The plasma ^ntamin A level clearly differen- 
tiates the compensated from the decompensated 
group of cirrhotic patients, the mean vitamin A 
level of the latter group being only % that of the 
former. Although the mean carotenoid level is 
lower and the mean dark adaptation time higher 
in the decompensated than in the compensated 
group, the differences are relatively small and 
lack statistical significance (Table IV). 

The mean plasma A/C ratio of the decompen- 
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Fig. 1. Percentage Distribution of Plasma Vitamin A Values in Class 
Intervals of 30 I.U. per cent for the 4 Groups of Subjects 


plasma vitamin A values were well within the 
normal limits, being respectively 118, 170, 295, 
and 202 I.U. per cent. 

Vitamin A and carotenoid content of cirrhotic 
livers. Table V presents the vitamin A and 
carotenoid concentrations found in 6 cirrhotic 
livers at autopsy, 5 being from patients in the 
present series. The mean vitamin A concentration 
of 124 I.U. per gram, carotenoid concentration of 
4.3 /igm. per gram, and A/C ratio of 36 are in 
close agreement with corresponding values re- 
ported by Ralli et al. (7) for the livers of 15 per- 
sons who died of cirrhosis of the liver. These 
workers found mean values of 137 I.U. per gram 
for vitamin A, 5.7 jigm. per gram for carotenoid, 
and 31 for the A/C ratio. Their findings for 23 
normal persons killed in accidents may therefore 
be compared with the present values obtained in 
cirrhotic livers. The mean values for these nor- 
mal livers were 766 I.U. per gram for vitamin A, 


13.6 /Igm. per gram for carotenoid, and 74 for 
the A/C ratio (7). 

DISCUSSION 

It is significant that of the 12 patients with 
compensated cirrhosis for which there are visual 
as well as blood measurements, 3 have abnormal 
dark adaptation times although the concentrations 
of the blood components are normal. While two 
of the abnormal dark adaptation values are not 
particularly high (16.2 minutes), one is strikingly 
abnormal (21.1 minutes). To understand this 
phenomenon it is necessary to recall the evidence 
(3, 4, 20, 27, 28) that abnormal dark adaptation 
of the type encountered in Laennec’s cirrhosis, 
i.e., delayed, with or without elevation of the final 
threshold, is an index of faulty utilization of 
vitamin A by the retina. This delayed type oi 
adaptation, involving a disturbance in the kinetics 
of the retinal process (presumably a slowing of 
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the rate of visual purple regeneration), is to be 
distinguished from the simple elevation of tlie 
\nsual threshold observed in experimental vitamin 
A defidency (12). Apparently, the liver nor- 
mally contributes to the functioning of the visual 
medianism independently of its role as the prin- 
cipal vitamin A depot. Thus an abnormally high 
dark adaptation time in a patient with Laennec’s 
drrhosis may be entirely consistent with concomi- 
tant normal vitamin A and carotenoid levels. 

Of more frequent occurrence among patients 
with cirrhosis is an abnormal plasma vitamin A 
or carotenoid level w'ith a normal dark adaptation 
time, vie., 5 of 21 decompensated and 3 of 12 
compensated cases. This indicates the presence in 
these patients of vitamin A deficiency per se 
which is presumably not sufficiently severe or pro- 
longed to raise the dark adaptation time to an 
abnormal level. It likewise shows the absence in 
these subjects of the faulty utilization of vitamin 
A by the retina, characteristic of Laennec’s cir- 
rhosis (3, 4). 

Although these patients did not have jaundice 
or diarrhea at the time of observation, it is pos- 
sible that the low values for plasma vitamin A are 
related in part to malabsorption from the intes- 
tinal tract. It seems improbable that this is the 
only factor involved, since there is a correlation 
behveen the degree of vitamin A deficiency and 
the apparent degree of liver incompetence. Pre- 
vious studies (3, 4) on dark adaptation in patients 
with Laennec’s cirrhosis also showed changes that 
were not explicable on the basis of malabsorption 
alone. 

In addition to those mentioned, there are a 
number of other factors known to exert inde- 
pendent effects upon the plasma vitamin A level 
or the dark adaptation function : alcohol mobilizes 
vitamin A in the blood (30) and elevates the 
visual threshold (31 ) ; febrile conditions, as well 
as reduced vitamin A intake, may depress the 
blood vitamin A level without measureably influ- 
encing the visual threshold (17, 18, 29) ; thyroid 
extract and a-dinitrophenol, in certain conditions, 
simultaneously increase the speed and extent of 
dark adaptation and depress the blood level of 
vitamin A (27), glucose lowers the visual thresh- 
old when the latter is elevated by anoxemia (32) ; 
retinitis pigmentosa and optic nerve atrophy are 


TABLE V 

Concentration of vitamin A and carotenoid in 
cirrhotic livers 


Patient 

Vitamin A 

Carotenoid 

Vitamin A 
Carotenoid 

1* 

1,1/. fer gram 

305 

tigm. per gram 

3 

102 

s 

35 

2 

18 

7 

121 

6 

20 

8 

161 

10 

16 

Si 

102 

3 

51 

64 

21 

2 

11 

Mean 

124 

4.3 

36 

Standard 

deviation 

121 

3.2 

35 


* Primary cancer of liver present. 


associated with high visual thresholds (31), al- 
though neither condition is attributable to vitamin 
A deficiency. Thus the relation between vitamin 
A supply and visual sensation is complicated by 
numerous remote as well as proximal factors 
whose contributions must be estimated for a pre- 
cise evaluation of the end result. 

The present evidence renders it highly probable 
that the abnormal values of the vitamin A and 
carotenoid levels in the blood and liver, and of 
the dark adaptation time, observed in patients 
with Laennec’s cirrhosis, are attributable pri- 
marily to the presence of cirrhosis per se rather 
than to any combination of the several extraneous 
factors enumerated above, 

SUMMARY AND CONCLUSIONS 

1. The dark adaptation time and the concen- 
tration of vitamin A and of total carotenoid in 
the blood plasma were determined in 49 patients 
with Laennec’s cirrhosis and in 38 patients with 
various other diseases. The vitamin A and caro- 
tenoid concentrations were also determined in 6 
cirrhotic livers. The vitamin A intake was con- 
trolled and the cirrhotic patients were free of 
jaundice, of diarrhea and, in most instances, of 
fever. 

2. Compared with the mean normal level of 
198 international units of vitamin A per 100 ml. 
of plasma, the mean values for the patients were 
as follows: decompensated cirrhosis, 65 I.U. per 
cent; compensated cirrhosis, 122 I.U. per cent; 
miscellaneous diseases, 154 I.U. per cent. Ninety- 
tivo per cent of the patients with decompensated 
cirrhosis had values below the lowest normal. 
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3. Compared with the mean normal level of 
144 micrograms of total carotenoid per 100 ml, 
of plasma, the mean values for the patients were 
as follows: decompensated cirrhosis, 72 figm. per 
cent; compensated cirrhosis, 88 ;u,gm. per cent; 
miscellaneous diseases, 121 /tgm. per cent. Fifty 
per cent of the patients with decompensated cir- 
rhosis had values below the lowest normal. 

4. Compared with the mean normal dark adap- 
tation time of 13.1 minutes, the mean values for 
the patients were as follows : decompensated cir- 
rhosis, 19.7 minutes; compensated cirrhosis, 17.3 
minutes; miscellaneous diseases, 15.2 minutes. 
Seventy-nine per cent of the patients with decom- 
pensated cirrhosis had values above the highest 
normal. 

5. Compared with the mean normal concentra- 
tions of 766 I.U. per gram of vitamin A and 
13.6 jttgm. per gram of carotenoid, 6 cirrhotic 
livers had concentrations of 124 I.U. per gram of 
vitamin A and 4.3 /xgm. per gram of carotenoid. 

6. It is concluded that (1) the incidence and 
the degree of vitamin A deficiency, as measured 
by the level of vitamin A and of carotenoid in 
the blood and liver, and by the dark adaptation 
time, are greater in Laennec’s cirrhosis than in 
the mixed group of diseases used as controls in 
the present study ; (2) among these three variables 
the one most markedly influenced by the presence 
and by the severity of Laennec’s cirrhosis is the 
blood vitamin A level, which appears to be a crude 
index of the severity of the disease process. 
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While the direct measurement of capillary blood 
pressure in man by means of a micro-pipette (1, 
2, 3) is quite accurate, this method has several 
disadvantages which have prevented wide appli- 
cation to clinical problems. They are (a) the 
great variability of readings in single capillaries, 
which makes it practically impossible to obtain a 
statistically significant number of readings in a 
given patient at any one time in his illness; (b) 
the restriction of this method to the capillaries of 
the skin of the nail fold where the vessels may 
not be typical of those in muscle or general con- 
nective tissue; and (c) the nearness of arterio- 
venous anastomoses which, by opening and clos- 
ing, may. disturb pressures in the nearby capil- 
laries of the nail fold. 

The indirect methods are easily applied to clini- 
cal problems but, as pointed out previously (4), 
lead to \videly different estimates of blood pres- 
sure in the capillaries or minute vessels as a 
whole, as might be expected from the subjective 
and arbitrary nature of the criteria adopted by 
each investigator to indicate a state of balance 
between the externally applied pressure and capil- 
lary blood pressure. Eichna and Bordley (3) 
have compared the direct and indirect procedures ; 
they concluded that the usual capsular method, 
with microscopic observation of the collapse of 
individual capillaries, was wholly undependable. 

Fundamentally, nearly all indirect methods for 
measuring blood pressure in the minute vessels 
involve the application of external pressure to 
diminish the volume of one or more capillaries, 
using visual evidence such as cessation of flow, 
modification of flow, or changes in skin color to 
indicate when the applied pressure is great enough 
to obliterate or at least flatten, the capillaries 
under observation. It seems possible, however, 

^ Commonwealth Fund Fellow, 1940-41. 


that the average pressure in the minute vessels of 
human skin and muscle might be estimated plethys- 
mographically by determining the effect of graded 
external pressure on the collective vascular volume 
of the forearm. The plethysmograph, by adding 
together the infinitesimal changes in volume of 
many individual vessels, might then provide an 
average and more objective measure of blood pres- 
sure in the capillaries, or at least in the minute 
vessels as a whole. 

This paper describes a series of observations 
designed to determine (a) the effect of graded 
external pressure on the volume of blood in the 
human forearm; (&) the relation of these pres- 
sure-volume curves to the previously reported di- 
rect readings of capillary blood pressure and 
venous pressure under like conditions; and (c) 
the effect of known changes of capillary blood 
pressure on the pressure-volume curves, for the 
purpose of assessing the validity and usefulness 
of this procedure as a method of estimating blood 
pressure in the minute vessels of man during dis- 
ease. 

APPARATUS 

Whereas the usual form of plethysmograph measures 
changes in arm volume at or very near atmospheric pres- 
sure, Landis and Gibbon (5) devised a “pressure plethys- 
mograph” to measure limb volume under external pres- 
sures as high as 200 mm. Hg. In previous studies (5) 
high external pressure was used in order to collapse the 
blood vessels completely and thus permit accurate esti- 
mation of the volume of extravascular fluid. Conversely, 
in the studies now reported, the pressure applied to the 
forearm in the plethysmograph ranged from S to 120 mm. 
Hg, while circulation was stopped temporarily, and then 
restored, to measure the effect of graded external pres- 
sure on vascular volume. 

The plethysmograph itself required no important modi- 
fication from that described by Landis and Gibbon (5) 
and diagrammed on page 110 of that paper, to which the 
reader is referred for details. The accessoo' portions of 
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WATER LEVEL 




TO AIR RESERVOIR 
PRESSURE 300 MM.HG 


Fig. 1. Diagram of Pressure Plethysmograph and Attached Apparatus 
For description see text. For details of pressure plethysmograph see p. 110 of reference S. 


the apparatus required several changes. The large open- 
ing into the center of the plethysmograph (Figure 1, A) 
vi^as closed by a rubber stopper containing a short piece 
of glass tubing with an inside diameter of 10 mm. This 
was connected by heavy-walled pressure tubing of 9 mm. 
bore to a suitable burette (Figure 1, K). The lower end 
of the burette was cut off so that it could be inserted 
directly into the larger rubber tubing which, with large 
T-tubes, was used to facilitate rapid movement of water 
throughout the system. A water outlet (Figure 1, E) 
was adjusted to the height of the plethysmograph, tq per- 
mit accurate equalization of fluid levels within the system 
at the beginning of each observation. A 1000 ml. flask 
(Figure 1, F) was immersed in a 20-litre water bath, 
kept at constant temperature (Figure 1, G), and between 
the burette and plethysmograph so that as water at room 
temperature was expelled from the burette into the lower 
portion of the flask, an equal volume of water at the 
desired temperature passed from the top of the flask into 
the plethysmograph, thus maintaining the temperature of 
the plethysmograph and forearm at the desired level. A 
1500 ml. flask (Figure 1, H), with an airhole in its 
stopper, was used merely as a reservoir to introduce or 
withdraw water from the system in preliminary adjust- 
ment and at the end of an experiment. 

For measuring changes in volume two different burette 
systems were found necessary. In some 'experiments, 
chiefly observations 1, 2 and 6, below, where large or 
gross changes in volume were measured, a 250 cc. dis- 
pensing burette was used alone (Figure 1, K; omitting 
J and Y). This burette, partially filled with water, com- 
municated by its lower end with the water in the interior 
of the plethysmograph, and by its upper end, through h 


three-way stopcock (Figure 1, X), with a 40-liter res 
voir (not shown), which contained air previously brou, 
to the desired pressure as indicated by a separate m 
cury manometer (not shown). Through the’three-v 
stopcock (X) pressure could be applied suddenly to 
water in the burette and thence to the forearm, wl 
changes in total volume were followed by observing i 
reading opposite the water meniscus in the burette, 
maintain the pressure on the forearm constant, it was 
course necessary to move the burette continuously in 1 
holder, L, so that the water meniscus remained oppos 
the line marked “water level” in Figure 1. 

In other observations much smaller changes, compnsi 
vascular volume only, had to be measured more acc 
rately. For these, a SO cc. Shellbach burette (Figure 
K) with graduations of 0.1 cc. was used. To supp 
the bulk of the preliminary physical change in total vc 
ume, which accompanied each change of plethysmograph 
pressure, a 1000 cc. flask (Figure 1, J) half filled wi 
water, and a stopcock (Figure 1, Y) were inserted 
parallel to the burette. As in the burette, the water 
the lower part of the flask communicated with the wat( 
in the plethysmograph while the air in the upper part c 
the flask communicated through the three-way stopcoc 
(X) with the air reservoir. With stopcock Y open, an 
pressure applied through stopcock X displaced fluid froi 
the flask while the volume of water in the burette, excel 
for transient fluctuation, remained almost constant. A 
the gross shift of fluid ceased, stopcock Y was close 
and thereafter smaller changes in volume were followe 
more accurately by observing the movement of water ii 
the small burette. Whichever burette was used, a mer 
cury manometer (Figure 1, M) recorded on -a kymo 
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graph (Figure 1, N) the level and constancy of the 
pressure exerted by the plcthysmograph on the forearm. 

Two pneumatic cuffs (Figure 1, C and D), 44 cm. long 
and 5.5 cm. wide, were available for occluding circulation 
just below the axilla and at the wrist, respectively. These 
were connected to another 40-litcr reservoir (not shown) 
containing air under a pressure of 300 mm. Hg. The 
wrist cuff was kept inflated tliroughout each observation 
to exclude possible errors arising from the return of 
blood from the hand to the veins of the forearm within 
the plcthysmograph. 

The temperature of the forearm and surrounding water 
was controlled by pumping fluid from a water bath (Fig- 
ure 1, G) through the double-walled jacket of the 
plethj-smograph. A bimetallic thermoregulator kept the 
water in the bath constantly at the desired temperature, 
which in all the following observations was 34° C. 

GENERAL METHODS 

The effect of graded external pressure on vascular 
volume was measured in se^’eral ways. Since the initial 
preparations for all methods were similar they will be 
described first. An illustrative protocol is given at the 
end of the paper. 

The pleth 3 ’smograph-burette system, having been brought 
to a temperature of 34° C, was prepared by removing all 
air bubbles, leaving enough water in the system to keep 
the burette and flasks suitably filled and the thin rubber 
sleeve collapsed against the inner wall of the plethysmo- 
graph. The redundant portions of the collapsed plethys- 
raograph sleeve were arranged in folds equally at the two 
ends of the plethysmograph and the washers, aluminum 
plates, and brass rings were assembled loosely in their 
proper positions. 

With the subject supine, a coating of talc was applied 
to the skin of the forearm so that the rubber sleeve 
(Figure 1, B) might move smoothly over the skin. The 
hand was slipped into the plethysmograph, which was 
then lowered over the forearm imtil its midpoint lay at 
the level of the manubrium stemi. In its final position 
the upper arm was abducted about 45°; the elbow was 
flexed at right angles to the upper arm so that the fore- 
arm was perpendicular to the table. The elbow and 
distal quarter of the posterior surface of the arm rested 
on the base of the iron standard (see Figure 1) to pre- 
vent the conical forearm from being pushed out of the 
plethysmograph when pressure was applied. The fingers 
w-ere flexed lightly over a horizontal rod containing a 
wood hand grip and covered looseb' with adhesive tape. 
The inner light rubber portions of the washers, along 
with the redundant sleeve ends, were invaginated along 
the forearm, and the aluminum diaphragms were clamped 
tightly in position with their edges near, but not actually 
touching, the skin. Special care was necessary in this 
adjustment to prevent subsequent tightness of the dia- 
phragms from producing venous congestion. 

The overflow tube (Figure 1, E) was adjusted so that 
its orifice was le\-el with the upper (wrist) diaphragm 
of the plethysmograph. The water in flask J, the marker 


for the burette (Figure 1, L), and the mercury manometer 
(Figure 1, M) were all brought accurately to this same 
level. 

One of the narrow pneumatic cuffs was wrapped around 
the wrist immediately above the upper aluminum dia- 
phragms, and the second cuff was placed as high as pos- 
sible on the upper arm. 

Stopcock X was opened to room air to permit water 
to enter the burette and reservoir J was isolated from the 
S5'Stem temporarily to avoid changing its water level dur- 
ing the filling period. The burette-plethysmograph sj’s- 
tem was filled from flask H with enough water to pro- 
duce a slight positive pressure in the plethysmograph and 
thus to force the rubber sleeve closely against the fore- 
arm. The pressure then was reduced to atmospheric 
level by opening the overflow tube E and simultaneously 
stopcock y was opened to allow water in the burette 
reservoir to assume precisely the level of the water in 
the burette and plethysmograph. 

After closing the overflow tube E, the pressure in the 
plethysmograph was raised to 100 mm. Hg and lowered 
again to zero in a few seconds; this was repeated three 
times in quick succession to settle the rubber sleeve in 
position. Thereafter the water meniscus in the burette 
was kept opposite the point of reference (L) by moving 
the burette either up or down in its holder. Since the 
volume and pressure of water per se remained the same 
throughout each observation, changes in the volume of 
the forearm could be determined directly from the burette 
readings, while pressure in the plethysmograph was indi- 
cated simultaneously by the mercury manometer (if). 
From this point on, methods varied considerably and w’ill 
be presented in the form of descriptions or specific pro- 
tocols accompanying the corresponding observations. 

OBSERVATIONS 

1. The pressure-volume curve of the burette and 
plethysmograph system alone 

The application of pressure to the interior of a 
system which is not absolutely rigid, because of 
rubber tubing and slight bulging of the dia- 
phragms, w'ill mechanically increase the volume of 
the entire system. To determine the magnitude 
of these changes, and the time required for a 
purely physical equilibrium to develop at each 
pressure, a glass cylinder (to represent the fore- 
arm) was placed in the plethysmograph and pres- 
sure w'as raised stepwnse from 0 to 120 mm. Hg. 
Curve A in Figure 2 illustrates the magnitude of 
the observed changes in volume. At a pressure 
of 10 mm. Hg the volume of the system increased 
by approximately 13 cc. ; at 20 mm. Hg by 20 cc. ; 
and at 120 mm. Hg by 39 cc. For anj' one set- 
ting of the pleth}-smograph and its diaphragms 
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Fig. 2. Showing Effect of Pressure on Volume 
Of burette-plethysmograph system containing glass 
cylinder (curve A) ; of forearm with circulation free 
(curve B) ; and of forearm with circulation occluded 
at the axilla (curve C). Curve D represents the dif- 
ference between curve C and B, or "dynamic vascular 
volume.” 

the shape and position of rapidly repeated curves 
were extremely constant, indicating uniform and 
dependable apposition of the thin rubber sleeve 
against the cylinder within the plethysmograph, 
as well as uniform distortion of the diaphragms. 
After each change of pressure it required less 
than 3 seconds to reach physical equilibrium. 

When high pressures were applied for several 
hours, slight but definite irreversible stretching of 
the system was observed. Thus at intervals of 30 
minutes, in one observation a pressure of 120 mm. 
Hg increased the volume of the system by 37.0, 
37.0, 37.0, 37.5 and 39.5 cc. At lower pressures, 
between 5 and 40 mm. Hg, this effect was also 


present but considerably less, amounting to nc 
more than 1.0 cc. over a 3-hour period. 

These observations made it obvious that unt 
an absolutely indistensible plethysmograph systei 
can be devised, studies of pressure-volume reh 
tionship must be arranged (a) to exclude, or ? 
least to cancel out, errors arising from expansio 
of the plethysmograph and its tubing; and, (b 
to eliminate the slight but definite distension ac 
companying prolonged internal pressure by mal 
ing each separate observation as brief as possible 

2. Gross pressure-volume curves of the forean 
(a) with circulation intact and (b) with 
circulation occluded 

When the forearm was placed in the plethys 
mograph the position and shape of the gros 
pressure-volume curve depended upon the pres 
ence or absence of circulation as shown in Figur 
2, curves B and C respectively. In this observa 
tion the forearm of a normal male subject wa 
placed in the plethysmograph as described unde 
“General Methods,” using the 250 cc. burette 
The temperature of the forearm and plethysmo 
graph was 34° C., while room temperature wa 
29° C. One narrow pneumatic cuff was wrappei 
around the wrist just distal to the plethysmograpl 
and another as high as possible on the upper arn 
just distal to the axilla. 

At zero time the wrist cuff was inflated to 30{ 
mm. Hg to exclude the flow of blood to anc 
from the hand. At the end of one minute i 
burette reading was recorded and from it, as i 
zero point, succeeding changes in volume wen 
computed. Pressure was first raised to 5 mm 
Hg and a relatively large volume of water movec 
rapidly from the burette into the plethysmograph 
Since equilibrium with the forearm was reachec 
more slowly than with the glass cylinder, oni 
minute was allowed to elapse before reading thi 
gross change in volume corresponding to an ex- 
ternal pressure of 5 mm. This volume having 
been recorded as 65 cc., pressure was raised tc 
10 mm. Hg, at which pressure the volume 74 cc 
was reached after one minute, and so on by step: 
until a pressure of 100 mm. Hg was attained a: 
shown in the completed curve B of Figure 2. 
The pressure within the plethysmograph was then 
reduced to zero and the wrist cuff was deflated. 
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Since the observation required 12 minutes, a rest 
period of like duration was allowed so that reac- 
tive hj-peremia might subside completely. The 
subject remained as quiet as possible to prevent 
any shift in the relative position of the forearm 
and plethysmograph. At the end of the rest pe- 
riod, with a total elapsed time of 24 minutes, the 
wrist cuff and also the cuff on the upper arm 
were inflated to 300 mm. Hg, thus occluding 
circulation to and from the forearm, except for 
such small amounts of blood as might pass through 
anastomotic connections within bone. 

A zero reading at zero pressure was again re- 
corded, differing from the first by 2 cc. which 
indicated a slight but definite shift in the position 
of the forearm relative to the plethysmograph. 
From this new zero, curve C of Figure 2 was 
determined in the manner already described and 
represented therefore the gross pressure-volume 
curv'e of the forearm with circulation occluded. 

This latter curve C includes the instrumental 
changes in volume shown in curve A plus addi- 
tional mechanical, or non-vascular changes in 
volume due to the shape and consistency of the 
forearm. Owing to its conical shape, the forearm 
tends to move outward from the larger end of the 
plethysmograph as pressure is raised. This move- 
ment is largely, but not completely, prevented by 
the heavy iron base against which the soft tissues 
of the elbow rest. Moreover, the plastic tissues 
of the forearm are to some extent pushed through 
the openings of the diaphragms as pressure in- 
creases. 

Curve B includes these mechanical effects plus 
the distortion produced by active circulation. 
When blood flow is present and when intravascu- 
lar pressure is being maintained the forearm re- 
sists certain external pressures, notably from 20 
to 35 mm. Hg, more than others. This causes 
curve B to deviate from curve C slightly at low 
pressures, maximally at pressures between 20 
and 35 mm. Hg and again less at pressures of 
40 mm, Hg or more. Subtracting curve B from 
curve C produces curve D (Figure 2) which rep- 
resents the effect of the vts a tergo of blood flow 
(and intravascular pressure) upon the gross pres- 
sure-volume curve, or the effect of external pres- 
sure upon “dynamic vascular volume” of the 
forearm, using that term because the conditions 


under which the original curves B and C were 
determined differ chiefly in that arterial inflow 
was present in one instance (B) and occluded in 
the other (C). The relation between “dynamic 
vascular volume” and total vascular volume will 
be discussed in greater detail below. It is suf- 
ficient here to point out that “dynamic vascular 
volume” was greatest when external pressure was 
between 20 and 35 mm. Hg, and became less when 
external pressure was above or below this range. 

This relationship held qualitatively when the 
two curves were determined in reverse order and 
also when pressure was started at 100 mm. Hg 
with stepwise reduction to zero. From the quan- 
titative standpoint, however, the results shown in 
Figure 2 are distinctly better than average. Nu- 
merous trials indicated that this method was not 
adequate for accurate quantitative studies. Slight 
movement of the arm during the half hour or 
more required for a complete determination dis- 
torted the relation between the two curves and 
required transpositions which made the results 
less objective and accurate. The large total vol- 
umes involved made it necessary to use a 250 cc. 
burette with calibrations of 1 cc. whereas the “dy- 
namic vascular volumes” being measured ranged 
from 3 to 20 cc. For these reasons the method 
was modified to measure “dynamic vascular vol- 
ume” only,- excluding changes in volume due to 
mechanical effects. The above observations have 
been included merely to indicate by the simplest 
possible method that graded external pressure 
produces disproportionate changes in the vascular 
volume of the forearm, and that the summit of 
this curve is associated with external pressures 
having an order of magnitude similar to that of 
capillary blood pressure. 

3. Measurement of "dynamic vascular volume” 
alone at 34° C. 

Three methods were used, all of which excluded 
from measurement the preliminary mechanical 
changes of volume due to the effects of pressure 
on the burette-plethysmograph ^'stem and on the 
non-vascular portions of the forearm. The 50 
cc. burette, calibrated to 0.1 cc., and the reser\’oir 
were inserted in place of the 250 cc. burette. 

Methods 1 and II. In Methcxl I external pressures 
ranging from 0 to 70 mm. Hg were applied to the surface 
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Fig. 2. Showing Effect of Pressure on Volume 

Of burette-plethysmograph system containing glass 
cylinder (curve A) ; of forearm with circulation free 
(curve B) ; and of forearm with circulation occluded 
at the axilla (curve C). Curve D represents the dif- 
ference between curve C and B, or “dynamic vascular 
volume.” 

the shape and position of rapidly repeated curves 
were extremely constant, indicating uniform and 
dependable apposition of the thin rubber sleeve 
against the cylinder within the plethysmograph, 
as well as uniform distortion of the diaphragms. 
After each change of pressure it required less 
than 3 seconds to reach physical equilibrium. 

When high pressures were applied for several 
hours, slight but definite irreversible stretching of 
the system was observed. Thus at intervals of 30 
minutes, in one observation a pressure of 120 mm. 
Hg increased the volume of the system by 37.0, 
37.0, 37.0, 37.5 and 39.5 cc. At lower pressures, 
between 5 and 40 mm. Hg, this effect was also 


present but considerably less, amounting to not 
more than 1.0 cc. over a 3-hour period. 

These observations made it obvious that until 
an absolutely indistensible plethysmograph system 
can be devised, studies of pressure-volume rela- 
tionship must be arranged (a) to exclude, or at 
least to cancel out, errors arising from expansion 
of the plethysmograph and its tubing; and, (b) 
to eliminate the slight but definite distension ac- 
companying prolonged internal pressure by mak- 
ing each separate observation as brief as possible. 

2. Gross pressure-volume curves of the forearm 
(a) with circulation intact and (b) with 
circulation occluded 

When the forearm was placed in the plethys- 
mograph the position and shape of the gross 
pressure-volume curve depended upon the pres- 
ence or absence of circulation as shown in Figure 
2, curves B and C respectively. In this observa- 
tion the forearm of a normal male subject was 
placed in the plethysmograph as described under 
"General Methods,” using the 250 cc. burette. 
The temperature of the forearm and plethysrao- 
graph was 34° C., while room temperature was 
29° C. One narrow pneumatic cuff was wrapped 
around the wrist just distal to the plethysmograph 
and another as high as possible on the upper arm 
just distal to the axilla. 

At zero time the wrist cuff was inflated to 300 
mm. Hg to exclude the flow of blood to and 
from the hand. At the end of one minute a 
burette reading was recorded and from it, as a 
zero point, succeeding changes in volume were 
computed. Pressure was first raised to 5 mm. 
Hg and a relatively large volume of water moved 
rapidly from the burette into the plethysmograph. 
Since equilibrium with the forearm was reached 
more slowly than with the glass cylinder, one 
minute was allowed to elapse before reading the 
gross change in volume corresponding to an ex- 
ternal pressure of 5 mm. This volume having 
been recorded as 65 cc., pressure was raised to 
10 mm. Hg, at which pressure the volume 74 cc. 
was reached after one minute, and so on by steps 
until a pressure of 100 mm. Hg was attained as 
shown in the completed curve B of Figure 2. 
The pressure within the plethysmograph was then 
reduced to zero and the wrist cuff was deflated. 
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Method I. At 0:00 lime the wrist cuff was inflated to 
300 mm. Hg; the pressure in the plcthysmograph-burelte 
system was elevated to the desired pressure as before, 
but in addition, the brachial vessels were simultaneously 
occluded by inflating the cuff on the upper arm to 300 
mm. Hg. The volume of the forearm diminished rapidly 
and again the rate of change became very slow at the end 
of 2 minutes. At time 2:00 a burette reading was re- 
corded and the arm cuff was deflated at time 2:00 to 
release circulation. As in Method II, two final readings 
were then made, vie., the peak volume reached during 
reactive hj-peremia (time 2:10 to 2:15) and tlie final 
volume at the end of one minute (time 3:00). The wrist 
cuff was then deflated and pressure in the plethysmograph 
was reduced to atmospheric level. A rest period of 3 
minutes preceded the next determination. 

Subtracting the reading taken when the vessels were 
collapsed at time 2:00 from those taken at the height of 
hyperemia indicated, for each external pressure, the in- 
crease in the volume of the forearm produced when the 
previously collapsed blood vessels were again distended by 
the vis a tergo of arterial pressure acting against the 
pressure imposed upon the surface of the forearm. The 
values agreed quite closely with those obtained by Method 
II under normal conditions but deviations were noted 
under certain abnormal conditions. 

Compulation of forearm volume. The volume 
of the segment of forearm enclosed by the plethys- 
mograph was computed according to the methods 
described previously (6). Dividing the observed 
changes in forearm volume by the total volume of 
the segment, reduced the recorded changes in 
volume to cc. per 100 cc. of forearm tissue and 
permitted comparing vascular volumes in fore- 
arms of different sizes. 

Figure 3 illustrates the effect of external pres- 
sure on “dynamic vascular volume” of the fore- 
arm. The upper half shows, for 4 subjects, the 
increase in volume produced by filling of the 
blood vessels after prior collapse (Method III), 
while the lower half shows the diminution in 
forearm volume produced by emptying of the 
blood vessels when circulation was stopped 
(Method I). As might be expected, the vascular 
volumes measured during reactive hyperemia, by 
Methods II and III, were quite similar and al- 
ways slightly greater than those measured during 
resting conditions, by Method I. In both groups 
vascular volume was greatest when external pres- 
sure was behveen 15 and 35 mm. Hg. Though 
similar in this respect, some curves exhibited a 
very definite peak, while the highest readings of 
others took the form of a double peak or even 



Fig. 3. Showing Pressure-Volume Curves for 4 
Subjects 

By Method I (emptying of vessels when circulation is 
stopped) and Method III (filling of vessels when circu- 
lation is resumed). 

a plateau in which it was impossible by simple 
inspection to determine any one external pressure 
at which the change in volume was greatest. 

When the same subjects were tested repeatedly 
the general relationship between external pressure 
and volume change remained very constant when 
the curve was viewed as a whole. However, 
minor differences in configuration indicated that, 
owing to experimental errors, determination of a 
single pressure which uniformly produced maxi- 
mal change in vascular volume could not be ac- 
complished accurately by simple inspection. 

It was found that subjective interpretation 
could be avoided entirely and that consistent val- 
ues appeared in the same or different individuals 
if the upper quarter of each curve was made the 
basis for computation. Therefore, as shoiv'n in 
Figure 4, a transverse line was drawn across the 
curve at a level one-quarter of the distance from 
the greatest volume observed to the base-line. 
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rhe two points at which this line crossed the 
Dressure-volume curve indicated the limits of ex- 
:ernal pressure between which the upper quarter 
3r peak segment of the curve was situated. When 
i perpendicular was erected from the midpoint of 
;his horizontal line, it divided the area of the 
mmmit approximately in half. The external 
Dressure opposite which this perpendicular falls 
vill be referred to in the remainder of this paper 
IS Pvivc, or “that external pressure at which the 
yis a tergo of the circulation is able to keep open 
;he greatest or maximal collective vascular vol- 
ime.” Comparisons of this P,nvc with actual peaks 
Dr with plateau zones of individual or average 
:urves indicated that this method, in addition to 
Deing entirely objective, had less error than in- 
spection, measurement of slopes, and other types 
Df analysis. 

Figure 4 shows, in addition, the composite pres- 
sure-volume curves and composite Pmvc determined 
from the data for 20 normal subjects obtained 
by Methods I, II and III when the temperature 



Fig. 4. Showing Average Pressure-Volume Curves 
FOR Methods I, II and III, in 20 Subjects 
Also illustrates manner of computing Pmvc. 


in the plethysmograph was 34° C. Table I gives 
the ages, blood pressures, individual values of 
Pmvc und maximal volume changes observed in 
these same subjects. The values for Method III 
were obtained on different days from those for 
Methods I and II, and in some cases several weeks 
later. The average values of Pmvc were 26.9, 
20.7, and 21.3 mm. Hg by Methods I, II, and III, 
respectively, while the corresponding average max- 
imal volume changes were 1.38, 2.03 and 1.82 cc. 
per 100 cc. of forearm. The range of individual 
values for Pmvc was greater by Methods I and II 
than by Method III, the respective standard devia- 
tions being 3.79, 3.38 and 2.48. The differences 
between the mean values for Pmvc of Methods I 
and III and between those of Methods I and II 
are statistically significant, but the difference be- 
tween the means of Methods II and III, both re- 
lated to vascular filling, are insignificant. Correc- 
tions for smallness of the samples were made in 
these computations. The explanation of the minor 
differences observed will be discussed below. De- 
spite slight differences, however, the pressure- 
volume curves obtained by 3 different techniques 
indicated that external pressures exceeding 20 to 
35 mm. Hg reduced “dynamic vascular volume” 
significantly and that the external pressure corre- 
sponding to the summit of the pressure-volume 
curves, or Pmvc, had roughly the same order of 
magnitude as capillary blood pressure measured 
directly by micro-injection. To test the effect of 
changing the pressure in the minute vessels, capil' 
lary pressure was elevated by known grades of 
venous congestion, and “dynamic vascular volume 
and Pmvc were determined under these conditions. 

4. Effects of venous congestion on the pressure- 
volume curve and Pmvc 

Venous pressure in the forearm was elevated continu- 
ously to the desired level by inflating a large pneumatic 
cuff, SO cm. long and 12 cm. wide, wrapped about the 
upper arm as near the axilla as possible. To maintain 
this position and to conserve space, this wide cuff an 
the narrow cuff for occluding circulation were enclosed 
in a common cloth casing with two compartments so that 
the larger cuff both surrounded, and extended distally 
from, the lower edge of the smaller cuff. Constant pres- 
sure in the wide congesting cuff was insured by connect- 
ing it with a slow stream of compressed air, passing 
through a T-tube and standpipe, the latter immersed to 
the required depth in a column of water. As described 
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TABLE I 

Prtn* and maximum change in vasctilar volume determined by Methods I, II and III for 20 normal subjects at 34° C. 


Sabject 

number 

Sex 

Age 

Arterial 

blood 

pressure 

Method I 

Method 11 

Method III 

Hi 

Maximum 

volume 

change 

HI 

Maximum 

volume 

change 

Pmn 

Maximum 

volume 

change 


mull 




i>er 


cc. ^er 


cc. Per 





mm. Hg 

100 cc. 

mm. Hg 

100 cc. 

mm, Hg 

100 cc. 






forearm 


forearm 


forearm 

1 


39 

122/82 

20.0 

2.07 

19.5 

2.67 

19.0 

2.23 

2 


20 


21.5 

1.74 

16.0 

2.59 

18.0 

1.78 

3 


20 

104/62 

22.5 

1.72 

21.0 

2.48 

17.0 

2.28 

4 


23 

108/64 

22.5 

1.68 

16.0 

2.42 

18.0 

1.85 

5 


27 

92/64 

24.0 

1.20 

21.0 

1.65 

19.0 

1.60 

6 


21 

110/70 

24.0 

1.71 

18.5 

1.87 

23.5 

1.62 

7 

M 

29 

112/70 

25.0 

1.46 

18.5 

1.92 

20.0 

1.87 

8 

M 

27 

120/75 

25.0 

1.39 

18.5 

2.04 

25.0 

1.86 

9 

M 

28 

110/70 

25.5 

1.14 

18.0 

1.65 

19.5 

1.58 

10 

F 

28 

110/74 

26.5 

0.95 

20.5 

1.65 

23.0 

1.44 

11 

M 

26 

116/74 

26.5 

1.55 

21.0 

2.15 

22.0 

1.80 

12 

F 

30 

100/60 

26.5 

0.99 

19.0 

1.89 

20.0 

1.72 

13 

F 

21 

98/62 

27.0 

1.45 

18.0 

2.02 

20.0 

1.87 

14 


31 

126/74 

30.0 

1.26 

23.0 

1.81 

25.5 

1.78 

IS 


31 

114/68 

30.0 

1.15 

22.0 

1.95 

22.5 

1.68 

16 


. 23 

130/80 

31.0 

1.45 

24.0 

2.36 

22.0 

2.14 

17 

M 

24 


31.5 

1.32 

28.0 

1.78 

23.5 

1.90 

18 

F 

27 

108/70 

32.5 

0.86 

21.0 

1.84 

25.5 

1.79 

19 

M 

30 

118/80 

33.0 

1.36 

28.0 

2.06 

22.0 

1.61 

20 

M 

23 

120/74 

33.0 

1.26 

23.0 

1.81 

21.0 

1.98 

Averages 

26.9 

1.38 

20.7 

2.03 

21.3 

1.82 

Range of Pin«, mm. Hg 

20.0-33.0 

16.0-28.0 

17.0-25.5 


* = that external pressure at which the vis a tergo of the circulation was able to keep open the greatest collective 

vascular volume. 


previously (5), elevating venous pressure in the vertical 
forearm to a given level, e.g., 30 mm. Hg, required that 
the cuff on the horizontal upper arm be inflated to the 
desired level, e.g., 30 mm. Hg, plus an additional incre- 
ment equal to the hydrostatic pressure of the column of 
blood in the vertical veins of the forearm. This incre- 
ment, determined separately for each observation, was 
always between 16 and 17 mm. Hg. In the discussion, 
tables and figures below, only the effective venous pressure 
in the forearm segment is mentioned, the corresponding 
armlet pressure being between 16 and 17 mm. Hg greater. 

Figure 5 shows the effect of continuous eleva- 
tion of venous pressure on the pressure-volume 
curve and Pmvc obtained by Method II in one sub- 
ject. was determined in the usual manner 

and is shown by the figure near each curve. As 
venous pressure, and therefore capillary blood 
pressure, were increased, the curves became lower, 
moved toward the right, and Pmvc became higher. 

When the effective venous pressure in the fore- 
arm was zero, Pmw by Methods I and II (Table 
II) was within the range observed in the uncon- 


gested arms of normal subjects. It is noteworthy 
that at this venous pressure the wide pneumatic 
cuff was inflated to a pressure of 16 or 17 mm. 
Hg and that the veins in the upper arm were dis- 
tended to some extent even before circulation was 
shut off completely. The left limb of the curve 
was more complete than usual but was still 
in the normal range, indicating that venous filling 
per se did not distort Pmvc greatly. 

As effective venous pressure became higher, 
Pmvc exceeded the imposed venous pressure mark- 
edly with the lower grades of venous congestion, 
and less conspicuously with higher grades of con- 
gestion. At the highest level, 50 mm. Hg, Pmcc in 
only one observation on one subject (female) was 
lower than the imposed venous pressure by 4 mm. 
Hg; but, in this one instance, the pressure in the 
congesting cuff (67 mm. Hg) exceeded diastolic 
pressure by 5 mm. Hg so that interference with 
arterial inflow probably prevented complete con- 
gestion in the time available between separate ob- 
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Fig. S. Showing Effect of Graded Venous Con- 
gestion ON Pressure-Volume Curves and Fmvo of 
One Subject by Method II 


servations. Similar inconsistencies were observed 
when brief intermittent venous congestion was 
used. 

Comparison of the results by Methods I and II 
(Table II) indicates again that vascular filling by 
reactive hyperemia produces slightly greater vol- 
ume changes and slightly lower Pmvc than does 
simple emptying of vessels when circulation is 
normal. As would be expected, these slight dif- 
ferences disappear as the level of venous pressure 
increases and as the capillary bed becomes more 
completely distended. 

With Method III, however, the pressure-volume 
curves were bizarre and unreadable when effective 
venous pressure was raised by continuous conges- 
tion to 10 mm. Hg or more. While Methods II 
and III were similar in measuring volume change 
during reactive hyperemia, they differed in the de- 
gree to which the arm was emptied of blood before 
volume changes were measured. In Method II, 
pressure in the plethysmograph was elevated 2 
minutes before the brachial artery and veins were 


occluded. The forearm was therefore partially or 
completely emptied of blood before the veins of 
the upper arm were occluded. In Method III, the 
brachial artery and veins were occluded by inflat- 
ing the axillary cuff at the same time as pressure 
in the plethysmograph was raised. The latter 
pressure then displaced blood into the already dis- 
tended veins of the upper arm, creating there a 
pressure considerably above that in the congesting 
cuff. Deflation of the narrow occluding cuff at 
the axilla allowed varying quantities of blood to 
pass immediately under the wide congesting cuff 
and the volume of the forearm diminished sud- 
denly by an irregular and unpredictable amount, 
owing to emptying of the overdistended veins. 
Under these conditions the increase in volume by 
reactive hyperemia was diminished or even nulli- 
fied by the simultaneous decrease in volume due 
to sudden venous emptying. The pressure vol- 
ume curves were entirely unreliable as recorded in 
Table II. 

The results indicate that while the limited venous 
reservoir in the upper arm produces little distor- 
tion, even by Method III, when venous pressure 
is normal, this shorter method introduces serious 
errors and inconsistencies when venous pressure 
is high. It would seem therefore that in this sit- 
uation Methods I and II are more reliable. The 
specific values for Pmvc will be compared with 
directly determined capillary and venous blood 
pressures below. 

5. The effects of position of the forearm on the 
pressure-volume curve and on Pmvc 

The effects of position of the hand on venous 
(9) and capillary blood pressure (1) are known 
from previous direct measurements. Changing 
the position of the forearm relative to the heart 
changed the pressure-volume curves as illustrated 
in Figure 6. The number and arrow with each 
curve gives the corresponding value for P mvc- 

To raise the mid-point of the forearm 30 cm. above 
the suprasternal notch (plus 30 cm., Figure 6), the sub- 
ject was seated in a low chair, the arm was supported 
vertically, and the plethysmograph was raised as high as 
possible on its standard. At 0 cm. (Figure 6), the mid- 
dle of the forearm then being opposite the suprasternal 
notch, the position was essentially that used routinely and 
described previously under Methods. To depress the fore- 
arm 12 cm. below the suprasternal notch (minus 12 cm., 
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Figure 6) the subject ts-as seated and tlie arm placed 
horizontally at the side. Maximal dependency of the 
forearm (minus 35 cm., Figure 6) was obtained by hang- 
ing the arm downward and vertically at the side of the 
seated subject. The plctliysmograph was inverted with 
the wider aperture uppermost. In each position the bu- 
rette, the burette reservoir, water outlet and manometer 
(Figure 1, I, K, E, M) were, as usual, placed level with 
the upper diaphragm of the plethysmograph. When the 
heavy iron standard could not be used, the plethysmo- 
graph, hand and elbow were supported by sandbags. The 
relation of the forearm to tlie plethysmograph in these 
experiments was less stable than in the routine arrange- 
ment described in previous sections, but remained con- 
stant enough to permit satisfactorj- readings. 

In three determinations' by Method III, when 
the mid-point of the vertical plethysmograph was 
30 cm. above the suprasternal notch, the greatest 
changes in volume ranged from 1.32 to 1.60 cc. 
per 1(K) cc. of arm and were therefore essentially 
the same as those obsert^ed at heart levels, while 
Price was lowered to 10, 11 and 12 mm. Hg. At 
0 cm. tvith the middle of the forearm opposite the 
suprasternal notch, Pmvc was 22 mm. Hg but when 


the forearm was depressed to behveen 12 and 13 
cm. below its usual position, Pmcc rose to 34 and 
34.5 mm. Hg by Method II. The pressure-vol- 
ume curve in this latter position resembled in 
configuration and amplitude those resulting from 
an effective venous congestion of 10 mm. Hg in 
the routine position. 

"When the forearm was situated 20 cm. below 
the suprasternal notch, Pmvc was 39 and 41.5 mm. 
Hg. Increasing this distance to between 35 and 
40 cm. elevated Pmvc to 52 and 50 mm. Hg by 
Method I and 44 mm. Hg by Method II. The 
greatest dependency obtainable was 45 cm. and 
P mvc by Method I then became 72, 68 and 68 mm. 
Hg and 51, 52 and 57 mm. Hg by Method II. 
At these levels the maximal volume changes were 
greater than those noted when venous pressure 
was elevated to the same degree by means of the 
pneumatic cuff, and the curves were less regular 
because the relation between the forearm and the 
plethysmograph could not be kept absolutely con- 
stant. As with high grades of venous congestion 


TABLE n 


Effects of venous congestion on and maximal change in vascular volume at 34” C. 




Method I 



Method II 1 


Method III 

Average 
Methods 1, 11 

Effective 












venous 

pressure 

Subject 

number 

Q 

Maximal 

volume 

change 

Subject 

number 

B 

1 

Maximal 

volume 

change 

Subject 

number 

B 

Maximal 

volume 

change 


Maximal 

volume 

change 







cc. per 



ce. per 


cc. Per 



mm. Hg 

100 cc. 


mm. Hg 

100 cc. 


mm. Hg 

100 cc. 

mm. Hg 

100 cc. 



forearm 


forearm 



forearm 


forearm 

Zero* 


29.0 

1.05 


21.0 

1.41 

5 

28.0 

1.44 

25.5 

1.32 


15 

29.0 

1.05 

15 

24.5 

1.75 

7 i 

1 

32.0 

1.20 



5 mm. Hg 

5 

29.0 

1.09 

5 

22.0 

1.52 

5 

Unreliable 

28.4 

1.28 

IS 

34.0 

0.86 

15 

27.0 

1.48 

7 

30.0 1 

1.47 



to mm. Hg 

5 

33.0 

0.93 

5 

31.0 

1.31 

5 

Unreadable 

32.6 

1.12 







5 

Unreliable 




IS 

37.5 

0.83 

IS 

29.0 

1.42 

15 

Unreliable 








21 

Unreliable 



20 mm. Hg 

5 

33.0 

1.10 

5 

32.0 

1.35 

5 

Unreadable 

34.6 

1.16 

IS 

38.5 

0.81 

IS 

35.0 

1.36 

21 

Unreadable 



30 mm. Hg 

S 

39.5 

0.99 

5 

35.0 

0.99 

5 

Unreadable 

40.8 

1.00 







7 

Unreadable 




IS 

48.0 

0.78 

15 

40.5 

1.26 

IS 

Unreadable 



40 mm. Hg 

5 

44.0 

0.51 

5 

44.0 

0.51 

5 

Unreadable 

45.5 

0.65 

15 

49.0 

0.68 

15 

45.0 

0.91 

15 

Unreadable 



50 mm. Hg 

S 

46.0 

0.43 

5 

1 Unreliable I 

5 

Unreadable 

53.6 

0.46 

7 

55.0 

0.49 

7 

55.0 ' 



i 





15 

57.0 

0.42 

IS 


0.46 

IS 

Unreadable 




Hydrostatic pressure in vertical forearm veins balanced by equal pressure in congesting cuff. 
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Fig. 6. Showing Effect of Position of the Forearm 
ON Pressure-Volume Curves and Pmvo 


by the pneumatic cuff, Method III yielded bizarre 
curves in the lowest positions, without a clear 
maximum, due, it is believed, to the same over- 
distention of the arm veins which was described 
in the previous section. 

It appears that Pmvc is diminished by elevating 
the forearm and increased by depressing the fore- 
arm and that in these positions the observed values 
of Pmvc are of the same order of magnitude as 
those observed with corresponding venous con- 
gestion. 

6. Comparison of total ■vascular volume and 
"dynamic vascular volume” in relation 
to venous congestion 

, Venous congestion, as is well known, increases 
total vascular volume because the veins and capil- 
laries are distended by greater internal pressure. 
Since increasing venous congestion progressively 
lowered, rather than raised, the peaks of the 
pressure-volume curves described in the previous 
two sections, it is obvious that something less 
than total vascular volume is being measured. 


To this volume we have applied the term “dy- 
namic vascular volume” for three reasons: (a) it 
exists when arterial flow is present and disappears 
when arterial and venous blood flow are inter- 
rupted; (b) it is affected in characteristic manner 
by external pressure as shown by the preceding 
pressure-volume curves; and (c) venous conges- 
tion, while increasing total vascular volume, in- 
duces stasis, decreases blood flow and also de- 
creases this "dynamic vascular volume." The 
combined effect of venous congestion and external 
pressure on total vascular volume is shown in 
Figure 7, to contrast with the curves of “dynamic 
vascular volume” shown in Figures 3 to 6. 

In these observations the forearm was in the usual 
position with narrow pneumatic cuffs around the wrist 
and as close as possible to the axilla. Just below the 
axillary cuff was wrapped a separate wide pneumatic cuff 
for producing venous congestion. The double cuff could 
not be used because inflation of the small cuff prevented 
entrance of air into the large cuff. At zero time, the 
wrist cuff was inflated to 300 mm. Hg as usual; simul- 
taneously the pressure in the plethysmograph was elevated 
to 200 mm. Hg for the purpose of collapsing and evacuat- 
ing the blood vessels in the forearm as completely as 
possible. Because the veins in the arm were still open, 
this blood entered the systemic circulation. At 2 :00 min- 
utes the cuff at the axilla was inflated to 300 mm. Hg to 
keep the forearm bloodless. Immediately thereafter the 
plethysmograph pressure was reduced to 0 or 10 or 20, 
etc., mm. Hg, and the large congesting cuff was simul- 
taneously inflated to the desired venous pressure, 0 or 10 
or 20, etc., mm. Hg. At 3:00 minutes the volume of 
water in the burette was recorded; circulation was then 
released. The peak volume reached during reactive hy- 
peremia was recorded. The difference between the 2 
readings indicated total vascular volume during various 
combinations of venous congestion and external pressure 
as shown in Figure 7, the vessels having been emptied 
as much as possible previously. 

At all venous pressures the greatest volume was 
observed when external pressure was zero, and 
all these volumes were greater than those ob-. 
served in any of the previous experiments. When 
effective venous congestion was zero, the pressure- 
volume curve passed through a slight plateau at 
pressures of 10 to 30 mm. Hg, and then fell off 
steeply at higher external pressures. Increasing 
congestion to 10 mm. Hg merely emphasized the 
plateau, and congestion of 20 mm. Hg shifted the 
plateau toward higher pressures. Congestion to 
30 mm. Hg produced definite distortion to a more 
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nearly sigmoid curv^e which became completely 
sigmoid when the congestion reached 40 mm. Hg. 
It is of interest to recall that Lewis (7) found 30 
mm. Hg the lowest congesting pressure which 
could produce detectable reactive hyperemia in 
the forearm, suggesting that this pressure was the 
lowest to interfere with capillary blood flow. 

This indicates that, even when “total vascular 
volume” is measured, the configuration of the 
pressure-volume curve is altered distinctively when 
external pressure reaches that level believed to 
exist in the minute vessels, providing venous con- 
gestion is not great enough to obliterate the nor- 
mal gradient of blood pressure in the capillary 
network. When congestion is extreme and ex- 
tends throughout the capillary bed, the curve is 
that to be expected when external pressure acts 
upon an elastic system which is distended by 
uniform pressure in all its parts. 

That this total vascular volume differs slightly 
from “dynamic 'S'ascular volume,” even when no 
venous congestion is present, is illustrated by the 
insert in Figure 7 in which these t\vo pressure- 
volume curves are superimposed. They are simi- 
lar above 20 mm. Hg but below that level “dy- 
namic vascular volume” becomes less, probably be- 
cause the arm has not been previously emptied of 
blood. A comparison of Figures 5 and 7 indi- 
cates, however, that “dynamic vascular volume” 
affords a more revealing estimate of the interac- 
tion of ins a tergo, effective intravascular pressure, 
and volume of blood actually in movement, while 
excluding from measurement that volume of blood 
which is in stasis due to congestion. 

7. Comparison of Pmvo "with direct determinations 
of capillary blood pressure and venous 
blood pressure 

The method of determining Pmcc was adopted 
for theoretical reasons before, and not after, the 
detailed comparison in Table III was made. 
Though the pressure-volume curves and P tnvc SrC 
entirely objective values, nevertheless the meaning 
of this or any other arbitrarily chosen criterion 
must be tested by comparing its results with those 
of the micro-injection method, the latter being the 
most accurate procedure so far available for de- 
termining capillary blood pressure (3). As shown 
in Table III, in the resting state with the forearm 



MM. HG 

Fig. 7 . Showing Effect of Venous Congestion and 
External Pressure on Total Vascular Volume Av- 
erage FOR 2 Subjects 

Inset compares total vascular volume (circles and 
broken line) and "dynamic vascular volume” (dots and 
solid line) at normal venous pressure. 

at heart level, average Pmcc ranged, according to 
method used, from 17 to 33 mm. Hg with average 
values of 21 to 27 mm. Hg. By Method II, 
Pmvc ranged from 16 to 28 mm. Hg with 21 mm. 
Hg as average, while the figures by micro-injection 
(1) ranged from 6 to 48 mm. Hg, with 22 mm. 
Hg as average. Since the plethysmographic meas- 
urements included all the peripheral vessels, the 
micro-injection values for both limbs of the capil- 
lary loop have been grouped together. \Vhether 
mean values or extremes are compared, Fmrc in 
the normal subject has the same order of magni- 
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TABLE III 


Comparison of Pmvc with capillary blood pressure determined 
directly (1, 2, 3) 



Method 

Pmve 

Capillary 
blood 
pressure 
by micro- 
injection 

Refer- 

ence 



mm. Hg 

mm. Hg 


Resting state with 

I 

27(20-33) 



extremity at 

II 

21(16-28) 

22(6-48) 

(1) 

heart level 

III 

21(17-26) 





Venous 

pres- 

sure 

Pmve 

Ve- 

nous 

pres- 

sure 

Capil- 

lary 

blood 

pres- 

sure 



wm. 1 

mm. 

mm. 

mm. 



Hg 

Hg 

Hg 

Hg 


Elevated venous 

10 I 

29-37 

10 

25, 35 

(2) 

pressure (con- 



12 

25 

(2) 

gestion) 

20 

32-39 

24 

41 

(2) 


30 1 

35-48 

27 

35 

(2) 


40 

44-49 

40 

48-50 

(1) 




45 

47 

(3) 

1 

SO 

55-57 

47 

50-56 

(3) 

1 



52 

58-68 

(3) 




60 

60-76 

1 

(1.3) 



Posi- 
tion of 
forearm 

Pmve 

Posi- 1 
tion 
of 

finger 1 

Capil- 

lary 

blood 

pres- 

sure 



cm. 

mm, 

Hg 


mm, 

Hg 


Change in posi- 

-t-30 

10-12 

-32 

6-26 

(1) 

, tion relative to 
suprasternal 

0 

-12 

21-27 

27-35 

0 

7-44 

(1) 

notch (plus 
above, minus 

-20 

-35 

39-42 

44-52 

18 

17-52 

(1) 

below) 

-40 

-45 

44-50 

51-68 

40 

30-62 

(1) 


tude as the directly determined values of capillary 
blood pressure. 

The same holds true when the comparison is 
extended to the observations in which capillary 
blood pressure was diminished by raising the fore- 
arm, or increased by venous congestion and low- 
ering the forearm. However, even when the ob- 
servations of Landis (1), Fahr and Ershler (2), 
and Eichna and Bordley (3) are pooled, they are 
not numerous enough to justify computing aver- 
ages, so that only the range of individual deter- 
minations is given in the lower 2 sections of 
Table III. Elevation of venous pressure to 10 or 
20 mm. Hg affected capillary blood pressure and 
less than did greater increments of venous 


pressure. In both series the amount by which the 
determined values exceeded venous pressure was 
greater with mild congestion than with severe 
congestion, as would be expected because of the 
gradient of pressure believed to exist in the capil- 
lary network. 

In the present study, venous pressure was also 
measured directly in the horizontal arm at the 
antecubital space in 5 subjects before and after 
circulation was occluded by the axillary cuff. 
Before occlusion, venous pressure ranged from 

7.5 to 9.0 mm. Hg, averaging 8.0 mm. Hg. In 
agreement with Kendrew (8) it was found that 
inflation of the narrow cuff below the axilla in- 
creased venous pressure, which then ranged from 

10.5 to 16.5 mm. Hg, with an average of 13.5 
mm. Hg. In a single observation on one subject 
the venous pressure taken twice in succession in 
the occluded arm was 20.0 and 24.5 mm. Hg while 
in a third measurement a few moments later it 
was 15.5. Since these first two exceptionally high 
values were followed by one in the more usual 
range it seems likely that the movement of fluid 
from the manometer to the vein was not entirely 
free and they have been excluded from the above 
average. Release of the cuff, after 2 minutes of 
complete ischemia, reduced venous pressure at the 
antecubital space immediately to an average of 

8.5 mm. Hg, even during reactive hyperemia. 

Venous pressure could not be measured in the 

forearm itself in the vertical position. However, 
this pressure in the vertical forearm would cer- 
tainly be considerably less than the 13.5 mm. Hg 
observed in the antecubital space. These esti- 
mations of venous pressure may explain in part 
why Pmvc by Method I amounted to 27 mm. Hg 
as compared to 21 mm. Hg by Methods II and 
III. In Method I the change in vascular volume 
of the forearm was measured while the axillary 
cuff was inflated, and any blood expressed from 
the forearm met an average initial resistance of 

13.5 mm. Hg rather than the normal venous pres- 
sure of 8.0 mm. Hg. On the contrary, in Meth- 
ods II and III the axillary cuff was deflated, the 
veins were open, and the venous pressure was 

8.5 mm. Hg, or lower than before by 5.0 mm. 
Hg. The discrepancy between Pmvc by Method I 
and Methods II and III is almost exactly equal 
to this difference in venous pressure. 
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The comparison with venous pressure can be 
extended also to the measurements made when 
the forearm was derated above, or depressed be- 
low, heart level. In the former position Carrier 
and Rehberg (9) found venous pressure was 3.5 
mm. Hg, whereas Pmrc determined plethysmo- 
graphically ranged from 10 to 12 mm. Hg. There- 
fore, in whatever position the forearm was placed 
Pncc was definitel}- higher than venous pressure 
and had the same order of magnitude as capillaiy^ 
blood pressure. 

DISCUSSION 

The significance of the pressure-volume cutv'es 
and of Pmrc, as described in this paper, depends 
upon (I) the collective volume of the capillary 
network compared to that of the venules and 
arterioles; (2) the accuracy with which pressure 
is transmitted from the plethysmograph, through 
the tissues, to the blood within the vessels; (3) 
the magnitude of errors arising from the effect of 
external pressure on extravascular fluid; (4) the 
effect of low external pressures on the volume of 
the capillary net^^'ork by reason of passive con- 
gestion produced by partial compression of veins ; 
(5) the part played by the capacity of veins in 
the upper arm during the occlusion of circulation ; 
and (d) the relation of the pressure-volume curves 
and Pmcc to known changes in venous and capil- 
lary blood pressures under various conditions. 

(1) As blood flows through the peripheral ves- 
sels, it enters first the arteries and larger arterioles 
where cross-sectional area is small, pressure is 
high, and flow is rapid. In the capillaries, cross- 
sectional area becomes relatively enormous while 
pressure and rate of flow diminish. Finally in 
the veins, the cross-sectional area again diminishes, 
pressure reaches its lowest level, and the rate of 
flow once more increases. Concerning the com- 
parative collective volumes of these sections of 
the vascular tree in the extremities, there is little 
quantitative information, but from what is known 
of circulation time and the total capillary volume, 
it can hardly be questioned that the minute ar- 
terioles, the true capillaries and the venous capil- 
laries have a total volume greater than that of 
the other subdivisions of the vascular tree. From 
photomicrographs of the vessels in the frog’s mes- 
entery previously published (10), computation 


shows that one terminal arteriole gave rise to a 
series of arteriolar capillaries whose total volume 
ivas at least ten times as great as that of the parent 
vessel, and it seems likely that venous capillaries 
would contribute an equal, if not greater, volume. 

When pressure is applied externally to a system 
as complicated as this, there must follow a series 
of changes which cannot be divided into definite 
stages because they merge gradually into each 
other. If increasing pressure is applied to the 
surface of the skin, for instance by a capsule, the 
first change observed is a flattening of veins while 
blood flow still continues through the partially 
collapsed vessels. It has been shown (11) that 
even this partial collapse produces slight but defi- 
nite passive congestion in the capillaiy area drained 
b}' the vein, even though the applied external 
pressure is still below venous pressure. As ex- 
ternal pressure is increased further, to behveen 5 
and 15 mm. Hg, the skin blanches owdng to com- 
pression of the subpapillaty venous plexus. 
Higher pressures, possibly in the vicinity of 15 
to 45 mm. Hg, compress the true capillaries and 
still more pressure is required to compress larger 
arterioles, e.ff., in the retina. While many studies 
describe the visible effects of external pressure 
on these vessels, no observations have been found 
which measure effects on collective vascular vol- 
ume. 

Because the peripheral blood vessels present 
various combinations of pressure and volume, it 
w'as expected that the pressure-volume curves 
might show a characteristic configuration. In 
simplest terms low external pressures, just suf- 
ficient to compress the veins partially, might pro- 
duce either a relatively small decrease in vascular 
volume or, if capillary congestion and passive 
distention were significant, a slight increase in net 
vascular volume. In either case, however, when 
external pressure becomes great enough to im- 
pinge on the capillary vessels and the smallest 
arterioles, vascular volume should decrease con- 
spicuously. Pressures above this level would 
make the forearm relatively bloodless because only 
the larger arterioles and arteries could remain 
fiUed. Conversel}-, if external pressure were grad- 
ually lowered from 120 mm. Hg, the most striking 
increase in ^-ascular volume would be expected 
when external pressure became low enough to 
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been due to the previously mentioned limited 
capacity of the veins in the upper arm, or to 
distention of the relaxed venules and veins by 
the sudden inrush of blood in reactive hyperemia 
(7). In any case, it does not explain entirely the 
6 mm. difference in Pmvo because the right limbs 
of the curves are also displaced toward lower 
pressures by mild reactive hyperemia. The dif- 
ference is real since it was observed uniformly 
in repeated trials on the same subjects at widely 
separated time intervals. The configuration of 
the pressure-volume curves was also the same 
when pressures were applied in descending or 
ascending order, or even when no regular se- 
quence was followed. 

In the observations described above capillary 
blood pressure was elevated by venous congestion 
and the rise in Pmvc was associated with a reduc- 
tion of “dynamic vascular volume.” This might 
lead to the supposition that these two quantities 
were related inversely under all conditions. Pre- 
liminary studies have indicated that cooling of the 
forearm reduces both Pmvc and “dynamic vascular 
volume.” Conversely, exercising the forearm 
muscles raises Pmvo beyond the highest normal 
limits in most instances, while vascular volume is 
usually greater than normal. It appears there- 
fore that under different conditions Pmvc and 
“dynamic vascular volume” can vary independ- 
ently. 

In using this procedure to study the peripheral 
circulation under abnormal conditions it would 
seem advisable to use both Methods I and II 
together rather than either one separately. Pre- 
liminary observations in patients with hyperten- 
sion and with reduced blood volume indicate that 
under abnormal conditions the pressure-volume 
curves obtained by these two methods differ more 
than they do in normal subjects. In these two 
conditions heightened arteriolar tone changes the 
position of the right limb of the pressure-volume 
curves, but this distortion is lessened even by 
mild reactive hyperemia. 

Finally, this plethysmographic method of meas- 
uring the effect of external pressure on the vas- 
cular volume and the collective intravascular pres- 
sure in the minute vessels of the forearm has the 
weakness inherent in any “indirect method” of 
measurement because the criterion is an arbitraiy 


one. The pressure-volume curves seem to be 
more reproducible than the purely visual criteria 
used in other indirect methods (3) and they have 
been shown to be modified characteristically when 
tested during venous congestion of known grade. 
The method is objective, includes large numbers 
of minute vessels, and avoids errors due to the 
proximity of the arteriovenous anastomoses. 
With the addition of graphic recording of volume 
changes, it is being used for studying the minute 
vessels in clinical conditions in a manner quite 
impossible with the direct micro-injection method. 

SUMMARY 

The pressure plethysmograph was used to deter- 
mine the effect of graded external pressure on 
the vascular volume of the forearm, for the pur- 
pose of determining the usefulness of this proce- 
dure in estimating the blood pressure in the 
minute vessels collectively. 

With external pressures ranging from 0 to 90 
mm. Hg, pressure-volume curves were determined 
in 20 normal subjects (a) by suddenly arresting 
the circulation to the forearm and measuring de- 
crease in volume, and (6) by releasing circulation 
suddenly after prior arrest and measuring in- 
crease in volume during the ensuing mild hy- 
peremia. The term “dynamic vascular volume 
was used to indicate that the volume of blood m 
actual movement was being measured under these 
conditions. 

In the normal forearm “dynamic vascular vol- 
umes” were greatest when external pressure was 
between 15 and 35 mm. Hg, becoming less at 
external pressures above and below this range. 

To record the relation between "dynamic vas- 
cular volume” and external pressure in the form 
of a single numerical value, an objective method 
of analyzing the pressure-volume curves was 
adopted. The single value thus obtained was 
termed Pmvc and was defined as “that external 
pressure at which the vis a tergo of the circulation 
is able to keep open the greatest collective dynamic 
vascular volume.” 

Pmvo determined in the forearms of 20 normal 
subjects with the forearm segment at heart level 
and at 34° C. was 27, 21 and 21 mm. Hg by 
Methods I, II and III respectively. Reasons are 
given for regarding Methods I and II as the most 
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useful. In the normal subject the results by all 
three metliods had roughly the same order of 
magnitude as average capillary blood pressure 
when determined directly. 

This similarity between Pmvc and directly de- 
termined capillary blood pressure held also when 
the latter was reduced by elevating the forearm 
or increased by known venous congestion and by 
depressing the forearm below heart level. 

With due precaution against assuming too 
quickly the quantitative validity of any indirect 
method of measuring intravascular pressure, it is 
suggested that the plethysmographic method may 
be useful in studying the volume of blood and 
the pressure in the minute vessels of the forearm 
in clinical conditions. 


0:10 

2:00 

2:01 

4:00 

4:01 

4:10-4:15 

5:00 


PROTOCOL I 

Normal subject, J. E.; blood pressure 110/72 mtn. Hg, 
December 12, 1940. 

The plethysmograph-burette system was arranged as 
described. The plethysmograph was fitted to left fore- 
arm, small pneumatic cuffs were applied around wrist 
and upper arm, and water levels were adjusted to give 
atmospheric pressure. Temperature of the water in the 
bath ^vas 34“ C, and of the room, 28° C. 

The pressure in the plethysmograph was elevated to 
100 mm. Hg three times to settle the rubber sleeve against 
the forearm. 

Time 

iiwutes. Seconds 

0:00 (a) The wrist cuff was inflated to 300 imn. 

Hg pressure. 


5:00-9:00 

0:00 


0:10 

2:00 

2:01 


TABLE IV 


(6) The pressure applied to the water in the 
burette and the burette reservoir and 
thence to the forearm in the plethysmo- 
graph was 0.0 mm. Hg. 

The burette reservoir (Figure 1, J) was 
excluded by closing stopcock Y. 

The volume read in the burette was 20.2 cc. 
(column 3, below). 

Circulation was arrested by inflating the arm 
cuff to 300 mm. Hg. 

The volume read in burette was 26.8 cc. 
(column 4). 

Circulation was restored by deflating the arm 
cuff. 

The maximum (peak) volume during reactive 
hyperemia, read in the burette, was 13.1 cc. 
(column 5). 

(a) The final volume read in burette was 
17.5 cc. (column 6). 

(£>) The wrist cuff was deflated. 

(c) Stopcock Y to the burette reservoir was 
opened. 

Rest period. 

(9 :00 == time 0 :00 for next determination.) 
(o) The wrist cuff was inflated to 300 mm. 
Hg pressure. 

(b) Pressure applied to the water in the 
burette and thence to the forearm in the 
plethysmograph was 10 mm. Hg. 

The burette reservoir was excluded by closing 
stopcock y. 

The volume read in the burette was 222 cc. 
(column 3). 

Circulation was arrested by inflating the arm 
cuff to 300 mm. Hg. 


Protocol I completed and summarized 


Time deter- 
mination 
started 

Pressure applied 
to surface of 
forearm in ple- 
thysmograpb 

Burette reading 
after 2 minutes 
of external 
pressure with 
drcuJatlon 
intact 

Burette reading 
after 2 minutes 
of ischemia and 
continued ex- 
ternal pressure 

Burette reading 
at peak of reac- 
tive hyperemia, 
during ran- 
tinued external 
pressure 

Final burette 
reading at end 
of 5th minute 
of external 
pressure 

Decrease in 
volume during 
ischemia and ex- 
ternal pressure 
(column 4 minus 
column 3) 

Increase in 
volume during 
reactive hy- 
peremia and ex- 
ternal pressure 
(column 4 minus 
column 5) 

1 

2 

3 

4 

5 

6 

7 

S 

minutes 

seconds 

mm. Hg 

cc. 

cc. 

cc. 

cc. 

Method I 
cc. 

Method II 
cc. 

0:00 

0 

20.2 

26.8 

13.1 

17.5 

6.6 

13.7 

9:00 

10 

22.2 

32.6 

16.9 

21.5 

10.4 

15.7 

18:00 

IS 

22.0 

32.6 

17.3 

21.3 

10.6 

15.3 

27:00 

20 

21.2 

32.0 

16.4 

20.5 

10.8 

15.6 

36:00 

25 

21.6 

32.5- 

17.5 

21.7 

10.9 

15.0 

45:00 

30 

21.8 

31.8 

18.6 

21.0 

10.0 

13.2 


40 

21.1 

29.6 

16.8 

19.5 

8.5 

12.8 


50 

21.0 

27.1 

20.5 

20.5 

6.1 

6.6 


60 

23.2 

26.2 

23.6 

23.6 

3.0 

2.6 


Forearm measurements: circumferences, wrist 17.0 cm. 

elbow 25.9 cm. 

length of segment in plethysmograph, 17.3 cm. 
volume (calculated), 633 cc. 
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4:00 

4:01 

4:10-4:15 

5:00 


5:00-9:00 


The volume read in the burette was 32.6 cc. 
(column 4). 

Circulation was restored by deflating the arm 
cuff. 

The maximum (peak) volume read in bu- 
rette was 16.9 cc. (column 5). 

(o) The final volume read in burette was 
21.5 cc. (column 6). 

(b) The wrist cuff was deflated. 

(c) Stopcock Y to the burette reservoir was 
opened. 

(d) Atmospheric pressure was restored in 
the burette-plethysmograph system. 

Rest period. (18:00 = time 0:00 for next 
determination) (ef cetera, successively at 
pressures shown in table IV. 
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A previous investigation (1) has shown tliat as 
a result of a sudden rise in the venous and arterial 
pressures by exercise there is a prompt and definite 
decrease in the plasma volume. Further, mod- 
erate exertion is accompanied by a proportionate 
diminution in the blood volume, since the volume 
of the cells remains essentially the same. Only 
when the physical activity is severe are new cells 
added to the circulating volume. During the re- 
covery period, the volume of the blood gradually 
returns to the resting value. It was suggested 
that the elevated capillary pressure produced by 
exercise caused increased filtration of fluid through 
the capillary walls, which in turn leads to a de- 
crease in the plasma volume, and that the slight 
increase in cell volume during severe exercise was 
a result of extrusion of cells from the blood depots 
into the circulating blood. It was suggested that 
the latter was mediated through the symphathico- 
adrenin mechanism. 

If these factors are responsible for the altera- 
tions in the volume of the blood during exhaustive 
exercise, the administration of epinephrine might 
be expected to produce a similar picture, since 
this drug increases the systemic pressure and con- 
tracts the blood depots. The purpose of this com- 
munication is to report the observations of the 
blood volume before and after the subcutaneous 
injection of epinephrine in normal individuals, in 
patients with splenomegaly, and in 2 subjects 
whose spleens had been removed follondng rup- 
ture. 

METHODS AKD MATERIAL 

The methods employed in this investigation were the 
same as those described previously (1). All experiments 
were carried out under basal conditions. On coming to 
the laboratorj' in a post-absorptive state the subject rested 
in a horizontal position for 60 minutes. The azo blue 
dye (T-I824) was then injected intravenousb' and the 
disappearance slope for the calculation of the initial 
plasma volume was determined over a period of 40 min- 
utes. By this method, changes in the plasma volume in 


excess of -h 40 cc. and — 90 cc. may be considered sig- 
nificant (1). Blood was also taken at intervals for cell 
volume, hemoglobin, and serum protein determinations. 
The blood and cell volumes were obtained from the 
plasma volume and the hematocrit value. The control 
venous pressure and circulation time were then measured. 

Immediately after the control data were obtained, from 
0.8 to 1 cc. of epinephrine (1-1000) was administered 
subcutaneously. Blood for serum samples and hemato- 
crits was withdrawn from the ante-cubital vein at appro- 
priate intervals after the injection of the drug. From the 
initial plasma volume and the deviation of the dye con- 
centration of these samples from the prolongation of the 
disappearance slope, changes in the plasma volume were 
calculated. At varying intervals during the experimental 
period, the venous and arterial pressures and the circula- 
tion time were determined. 

The above procedure was carried out on S 3 'oung sub- 
jects with normal cardiovascular systems and one subject 
who was in good condition save for chronic rheumatoid 
arthritis. In addition studies were made on 2 individuals 
with polycythemia vera and on 2 normal subjects w'hose 
spleens had been removed one year previously because of 
an accidental injury. Prior to this stud}', the patients 
with polycythemia had been subjected to repeated thera- 
peutic phlebotomies during a period of several years. 
Both subjects had palpable spleens. 

RESULTS 

Normal subjects. The changes noted in the 
plasma and cell volumes in response to the admin- 
istration of epinephrine, along with other data 
relating to the cardiovascular ^'stem, are shown 
in Table I and Figure 1. Within approximately 
11 minutes after the injection of the drug, there 
was a decrease in the plasma volume in all in- 
stances except trvo (G. M. and C, H.), in which 
the volume remained essentially the same. From 
this point until the termination of the experiment 
(45 minutes after the administration of epineph- 
rine) the plasma volume gradually diminished, so 
that 17 to 24 minutes after the drug, the average 
decrease in plasma volume was 125 cc. or 4,1 per 
cent. 

Fairly consistent changes were observed in the 
celt volume. Increases in cell volume were noted 
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G.M. - NORMAL 
AD 



Fig. 1. The Changes in the Volume of the Blood and Other Related Circulatory Measure- 
ments Before and After the Subcutaneous Injection of Epinephrine in a Normal Subject 


in 4 cases, while in 2 instances there were no sig- 
nificant changes (F. G. and W. P.). The increase 
in the cell volume was observed shortly after the 
injection. The gain in volume amounted to as 
much as 300 cc. Following the initial rise, the 
usual course was a gradual decrease in the cell 
volume so that, at the end of the experimental 
period, the average increase was only about one- 
fourth of the initial rise. Part of the increase in 
cell volume was due to an increase in the leuko- 
cytes. 

The alterations in the blood volume were varia- 
ble, since they were dependent upon the relative 
changes in the cell and plasma volumes. In one- 
half of the cases the blood volume was higher 


than the control value shortly after the injection 
of epinephrine (6 to 11 minutes). This was due 
to the rather early marked increase in the cell 
volume. Following this the blood volume dimin- 
ished somewhat as a result of the fall in the cell 
volume. In several cases where the decrease jn 
plasma volume was greater than the increase m 
cell volume, the blood volume was less than the 
initial value. 

These changes in the volume of the blood were 
accompanied by an increase in the hemoglobin per 
unit volume of blood, in the hematocrit, and in 
the viscosity of the blood. There was a moderate 
increase in the serum protein concentration, 
one assumes that plasma proteins do not enter or 
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TABLE I 

Changes in the volume of the blood before and after the subcutaneous administration of epinephrine 



Time 

after 

injection 


Chance Jn \’olunie 




Red 

blood 

cells 

1 











Hemo- 

Cells 

Serum 

Pulse 

Blood 


Plasma 

Cells 

Blood 

globin 

proteins 

pressure 


ninuUt 

rr.U 

Per cent 

ml. 

Percent 

mf. 

Percent 

grams 

Per cent 

Per cent 

grams 
per cent 


per 

minute 

mm. Eg 

G.R.M. 

Control 

4330 


3650 


7980 


15.3 

45.7 

45.2 

6.3 


64 

110/86 

Normal 

8 

+ 10 

+0.2 

+300 

+8.2 

+310 

+3.9 

16.0 

47.6 

46.8 

6.7 

292 

78 

122/82 


15 

-170 

-3.9 

+20 

+0.5 

-150 

-1.9 

16.0 

46.9 

46.1 



72 

iwaiwaii 


22 

-130 

-3.0 

+ 150 

+4.1 

+20 

+0.3 

16.0 

47.5 

46.7 

6.8 

28S 

78 

136/76 


34 

-220 

-5.1 

+40 

+1.1 

-180 

-2.3 


47.3 

46.3 



82 

154/78 


46 

-180 

-4.2 

-{“oO 

+ 1.4 

-130 

-1.6 


47.1 

46.3 

6.6 

273 

78 

146/78 

W.O. 

Control 

3490 


2510 


6000 


13.9 

41.8 

41.4 

6.4 

223 

56 

112/66 

Normal 

10 

-30 

-0.8 

+60 

+2.4 

+30 

+0.5 


42.6 

41.9 

6.3 

218 

68 



22 

-50 

-1.4 

+ 150 

+6.0 

+100 

+1-7 

14.3 

43.6 

43.1 

6.3 

217 

68 

114/72 


30 

-120 

-3.4 

+ 120 

+4.8 

0 

0 


43.8 

43.0 

6.5 

219 

67 



41 

-no 

-3.2 

+20 

+0.8 

-90 

-1.5 

14.4 

42.8 

42.2 

6.4 

216 

70 

128152 

C.H. 

Control 

2680 


2670 


5350 


16.4 

49.9 

48.9 

7.4 

198 

75 

113/83 

Normal 

12 

+20 

+0.7 

+ 150 

+5.6 

+170 

RPI 


51.1 

50.8 

7.8 

211 

76 



24 

-80 

-3.0 

+ 100 

+3.7 

+20 

BSin 

16.9 

51.5 

49.5 

Ka 


78 

120/76 


34 

-60 

-2.2 

-30 

-1.1 

-90 

BSm 


50.1 

49.6 

mkm 


76 



47 

-20 

-0.7 

+10 

+0.4 

-10 

-0.2 

16.8 

50.2 

49.6 

7.1 

189 

82 

124:172 

F.G. 

Control 

2490 


2310 


4800 


■ 

48.1 

47.3 

7.8 

194 

96 

130/80 

Normal 

7 

-130 

-5.2 

+30 

+1.3 

-100 

-2.1 

■ 

49.9 

48.9 

8.0 

189 

100 

170/70 


11 

-160 

-6.4 

-10 

-0.4 

-170 

-3.5 


49.7 

49.1 

7.8 

182 

102 



16 

-170 

-6.8 

-20 

-0.9 

-190 

-4.0 


49.7 

48.8 

7.8 

181 

104 


J.C.F. 

Control 

3030 


2250 


5280 


■ 

42.6 

42.0 

6.9 

209 

64 

110/78 

Normal 

11 

-130 

-4.3 

+80 

+3.6 

-50 

-0.9 

■ 

44.5 

43.7 

7.0 


74 

118/67 


17 

-130 

-4.3 

+110 

+4.9 

-20 

-0.4 


44.9 

43.9 

7.3 

212 

72 

126/54 


27 

-130 

-4.3 

+80 

+3.6 

-50 

-0.9 

■ 

44.5 

43.5 

7.0 

203 

70 

132/54 

W.P. 

Control 

3120 


2320 


5440 


13.9 

42.6 

42.2 

D 

222 

82 

128/90 

Rheumatoid 

6 

-50 

-1.6 

-30 

-1.3 

-80 

-1.5 

14.2 

42.7 

42.4 


224 

108 

136/84 

arthritis 

16 

-190 

-6.1 

+20 

+0.9 

-170 

-3.1 


44.4 

43.9 

Ha 

214 


150/80 


27 

-210 

-6.7 

-40 

-1.7 

-250 

-4.6 

14.3 

43.8 

42.5 

7.0 


112 

172/82 

VV.D. 

Control 

3750 


3250 


7000 


14.1 

46.4 

45.5 

6.1 


■ 

136/96 

Polycythemia 

5 

-90 

-2.4 

+240 

+7.4 

+ 150 

+2.1 


48.8 

47.5 


H 

■ 


vera 

11 

-210 

-5.6 

+ 120 

+3.7 

-90 

-1.3 

15.0 

48.8 

47.5 

6.4 

wtSi 




18 

-220 

-5.9 

+50 

+1.5 

-170 

-2.4 


48.3 

47.0 


HI 




20 

-230 

-6.1 

+60 

+ 1.8 

-170 

-2.4 

14.7 

48.4 

47.1 

6.3 


■ 


J.D. 

Control 

4820 


3790 


8610 


11.6 

44.0 

41.7 

6.6 

318 

60 

110/74 

Polycythemia 

8 

-no 

-2.3 

+210 

+5.5 


+1.2 


45.9 

43.1 



68 

110/74 

vera 

28 

B a 

-7.9 

+450 

+11.9 

UR ^ 

+0.8 


48.8 

44.9 

6.8 

Em 

76 

114/60 


35 

B a 

-6.9 


+15.3 


+2.9 

12.2 

49.3 

44.9 

6.6 

296 

80 



40 

-380 

-7.9 

+450 

+ 11.9 

+70 

+0.8 


48.8 

43.8 

6.7 

297 

80 


R.N. 

Control 

3160 

■ 

2465 


5625 


13.5 

43.8 

42.5 

6.4 

202 

78 

121/73 

Normal \%-ith 

11 

-200 


-45 

-1.8 

-245 

-4.4 


45.0 

43.5 



72 

124/70 

splenectomy 

31 

-440 

-13.9 

-185 

-7.5 

-625 

-11.1 

14.4 

45.6 

44.3 

7.4 

201 

80 

138/58 

D.S. 

Control 

3990 


3530 


7520 


■ 

46.9 

46.0 

6.6 

263 

68 

130/90 

Normal with 

12 

-240 

-6.0 

-170 

-4.8 

-410 

-5.5 


47.3 

46.3 

6.9 

259 

90 

140/90 

splenectomy 

21 

-215 

-5.4 

-105 

-3.0 

-320 

-4.3 


47.6 

46.9 

6.7 

253 

96 



28 

-220 

-5.5 

-60 

-1.7 

-280 

-3.7 

■ 

47.9 

47.0 

6.8 

256 

82 

154/94 















































































































































342 


NOLAN L. KALTREIDER, GEORGE R. MENEELY, AND JAMES R, ALLEN 






TOTAL BLOOD 
VOLUME, CC. 

PLASMA: 
VOLUME, CC. 


3—0 CELL 

VOLUME, CC. 


9000p 
esboL 
SOOOp 
450o|- 
4000 
3500*- 


J.D. - POLYCYTHEMIA VERA 


1 


i 

1 

1 

* 

■ ■ »»»»».#* 

1 

1 

1 

•—A——***— -A 
- O "'"* "*••0 

. 0 -— 

0 




as- normal , splenectomizeo 



Fig. 2. Changes in the Volume of the Blood Before and After the Administration of Epinephrine in a 
Subject /ith Polycythemia Vera (J. D.) and in a Normal Individual who was Splenectomized (D. S.) 


leave the circulating blood during this procedure, 
the changes in plasma volume during the experi- 
mental period can be calculated from the values 
of the serum proteins. The results thus obtained 
are in fair accord with those observed directly 
by the dye method. The changes in the total 
serum protein following the injection of epineph- 
rine, herein demonstrated, are probably not sig- 
nificant. The changes are so small as to be well 
within the experimental limit of error of both the 
plasma volume and serum protein techniques. 

In addition, these subjects exhibited the well 
known reactions of the cardiovascular system to 
epinephrine. The skin became pale, many com- 
plained of palpitation, headache, and a “jittery 
feeling”. Between 24 and 46 minutes after the 
injection, at the height of the reaction, the level 
of the systolic arterial pressure was elevated in 
all cases ; and the diastolic pressure fell in all the 
subjects. The pulse rate increased in all instances. 
The circulation time w'as shortened in all subjects 
in which it was determined. The venous pressure 
rose after the injection in 3 of the 5 cases. 


Polycythemia vera. The changes in the blood 
volume following the administration of epineph- 
rine in 2 individuals with polycythemia are illus- 
trated in Table I and Figure 2. The initial values 
of the blood volume in these two cases illustrate 
the characteristic changes which take place when 
this condition is treated by venesection, as they 
have been repeatedly observed in this laboratory. 
In untreated cases of polycythemia the cell volume 
is markedly increased while the plasma volume 
remains normal, resulting in a high ratio of cells 
to plasma. During treatment by venesection, as 
the cell volume falls the plasma volume gradually 
increases, thereby tending to maintain a relatively 
high blood volume with the ratio of cells to plasma 
assuming a normal relationship. After repeated 
phlebotomies have been done, microcytosis and 
hypochromia develop, resembling the changes 
which take place in the erythrocytes in the anemias 
due to iron deficiency (2). 

Shortly after the administration of epinephrine, 
there was a moderate decrease in the plasma vol- 
ume which persisted for the duration of the ex- 
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perimcnt. At the same time, large volumes of 
red cells were added to the circulating blood re- 
sulting in a slight increase in blood volume in 
one case (J. D.) and a slight decrease in the 
other (W. D,). Leukocytes were also added to 
tlie blood stream. In one case (J. D.), 35 minutes 
after the injections, 190 cc. of the 390 cc. in- 
crease in cell volume was due to white blood cells. 
In both cases at the height of the reaction the 
spleen was much smaller, and in one case it was 
no longer palpable. Coincident with these changes, 
the venous and arterial pressures rose in both 
cases, and there was concentration of hemoglobin 
and serum proteins. 

Splencclomiccd subjects. The changes in the 
blood volume, following the injection of epineph- 
rine in 2 subjects who were previously splenec- 
tomized, are illustrated in Table I and Figure 2. 
Their response was similar to that noted in the 
normal individuals, except that no new cells were 
added to the circulation. Actually the cell volume 
diminished after epinephrine. 

DISCUSSION 

•It is generally known that the effect of emo- 
tional excitement or epinephrine on the peripheral 
blood is a rise in the number of red blood cells. 
The mechanism by which this erythrocytosis is 
brought about has not been definitely decided. 
There are three possible means, (a) addition of 
red blood cells to the circulating cell volume, (&) 
a diminution in the fluid constituents of the blood, 
or (c) a combination of these two. A perusal of 
the literature in reference to the volume of the 
blood and its components after the administration 
of epinephrine does not throw any light upon the 
question, for there is no uniformity as to the 
results. Following the injection of epinephrine in 
normal individuals, Wollheim (3) and Brandt 
(4), employing the dye method, observed a marked 
increase in both plasma and cell volumes, while 
Levin (5) in 80 per cent of the cases found a 
decrease in the plasma volume, and an increase in 
the blood and cell volumes in half of the cases. 
More consistent results were found when the 
carbon monoxide method was used. One group 

(6) observed an increase in the cell and blood 
volumes in all cases, while another investigator 

(7) found an increase in the cell volume in trvo- 


thirds of the cases. Brednow (8) employing both 
methods, but neither simultaneously nor in the 
same subjects, noted an increase in cell volume 
with the carbon monoxide method and a decrease 
in the plasma and blood volumes when determined 
by the injection of dye. In the presence of 
splenomegaly (leukemia, polycythemia), epineph- 
rine consistently produced an increase in the cir- 
culating cell volume when the volume was meas- 
ured by either the dye or the carbon monoxide 
method (9, 6, 7), while in normal individuals in 
whom the spleen had been removed, there was no 
appreciable change in the cell volume (6). 

The discrepancies in the results obtained by 
previous investigators and the rather consistent 
ones obtained by Ebert and Stead (10a), and by 
us, are due mainly to certain errors inherent in 
the techniques previously employed. The advan- 
tages of the present method may be summarized 
as follows: ample time is allowed for the mixing 
of dye and plasma before the experimental period 
is started ; the determination of the plasma volume 
is independent of the circulatory rate; and, in- 
stead of injecting a second dose of the dye during 
the experimental period, changes in plasma vol- 
ume following the injection of adrenalin can be 
calculated from the initial plasma volume, and 
the deviation in dye concentration from the pro- 
longation of the disappearance slope. Recently 
Ebert and Stead (10b) called attention to an 
error in measuring by the indirect method of 
Gibson and Evans (11) the changes in plasma 
volume after exercise. This error was due to a 
change in the optical density of the dye-free 
serum. In severe or exhaustive exercise they 
found that as much as 40 per cent of the change 
in optical density attributed to an increase in dye 
concentration was actually due to a change in the 
optical density of the serum. We have repeated 
such experiments employing the Bausch & Lomb 
Spectrophotometer, and found that immediately 
after exhaustive exercise there is an increase in 
the optical density of the serum. Ten minutes 
after the termination of the exercise the optical 
density of the dye-free serum had returned to its 
initial value. In moderate exercise, we have not 
been able to detect any change in the optical den- 
sity of the serum. In 6 experiments we have not 
been able to demonstrate a change in the optical 
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density of the dye-free serum after the injection 
of epinephrine. Since the optical density of the 
dye-free serum at times may increase after the 
inj'ection of epinephrine, it is wise to consider 
these changes in the plasma volume as trends 
rather than precise, quantitative measurements 
(10a). 

In all cases investigated of both normal and 
abnormal subjects there was a definite diminution 
in the plasma volume. This persisted in most 
instances throughout the experimental period. 
The rise of arterial pressure in man, after epineph- 
rine, represents the combined effects of vasocon- 
striction in the skin and splanchnic areas, plus 
cardiac stimulation and vasodilatation in muscles, 
while constriction of the veins produces a rise in 
venous pressure. Both tend to diminish the ca- 
pacity of the vascular system, and simultaneously, 
plasma volume. 

In any discussion of the total cell volume, as 
measured by the dye method, it is important to 
realize that the volume is obtained indirectly from 
the plasma volume and the percentage of cells. 
The indications are that red cells and the plasma 
are not uniformly mixed within the vascular sys- 
tem. It has been demonstrated by Ebert and 
Stead (10c) that in normal subjects the cell 
plasma ratio varies widely throughout different 
parts of the circulatory system. What effect the 
administration of epinephrine, with its varied ac- 
tion on the different segments of the vascular 
system, may have on this relationship between 
cells and plasma, it is difficult to surmise. There- 
fore, too much reliance cannot be placed on the 
changes in cell volume given above. It appears 
from these results, that normal subjects add a few 
cells to the circulating blood volume; those with 
enlarged spleens add a somewhat larger quantity 
of cells to the circulation; while splenectomized 
individuals show a slight loss of cells following 
the administration of epinephrine. This difference 
in response can be further shown by the reaction 
of the blood volume to epinephrine in 2 individuals 
of the same body build. Both of these individuals 
(G. M. and D. S.) were heavy and muscular, with 
large surface areas and large blood volumes. 
One (G. M,), a normal individual, increased his 
cell volume after epinephrine, while the other 
(D. S.), a splenectomized individual, lost cells 


from the circulation following the injection of 
this drug. These data simply show the trend of 
the changes in the total cell volume ; they do not 
prove the point that erythrocytes either leave or 
enter the blood stream following the administra- 
tion of epinephrine. Our results substantiate 
those of others (10a, 12, 13) which indicate that 
the spleen of man does not serve as an important 
reservoir for cells as it does in certain laboratory 
animals, and that under such conditions as exer- 
cise, fever, and hemorrhage, the redistribution of 
blood within the vascular system is a far more 
important compensatory reaction than contraction 
of the spleen. 

There is a striking similarity between the effect 
of severe exercise on the blood volume and the 
response of the blood to epinephrine (1), In both 
circumstances there is a hemoconcentration due 
in part to a shift of a moderate amount of fluid, 
poor in protein, from the vascular system to the 
interstitial compartment, and in part to the ac- 
cession of a small quantity of new cells from 
the blood depots. The former is produced by in- 
creased capillary pressure, while the latter is 
mediated through the symphatic-adrenin mecha- 
nism. 

SUMMARY AND CONCLUSIONS 

Measurements were made at rest of the volume 
of the blood and its components, and variations 
in the volumes were followed after the subcutane- 
ous injection of 1 cc. of epinephrine (1-1000). 
Further observations included measurements of 
the blood hemoglobin and viscosity, serum pro- 
teins, venous and arterial pressures, velocity of the 
blood, and pulse rate. These observations lead 
to the following conclusions : 

1. In normal individuals, following the admin- 
istration of epinephrine, there is a prompt an 
definite decrease in the plasma volume, which per- 
sists in most cases for at least 45 minutes- In 
the majority of cases there is a slight increase m 
the cell volume. These alterations are associated 
with an increase in blood hemoglobin and viscosity 
and serum proteins. Following the administra- 
tion of the drug, the systolic pressure increased 
while the diastolic pressure fell slightly. 

2. In individuals who have polycythemia vera 
with splenomegaly, epinephrine causes a definite 
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decrease in the plasma volume, a moderate in- 
crease in cell volume with little change in the 
total volume. 

3. After the injection of epinephrine into 2 in- 
dividuals whose spleens had been removed, there 
was a decrease in both blood and plasma volumes, 
accompanied by a slight decrease in the cell volume. 

4. The effects of severe exercise and of epi- 
nephrine on the components of the blood volume 
are similar. 
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In the evaluation of the immunity mechanism in 
man during pneumococcus pneumonia, comple- 
ment studies have received little attention. Pub- 
lications concerning the level of antibody in rela- 
tion to recovery from pneumonia have been sum- 
marized up to 1939 by Heffron (1), and other 
studies have been published since that time (2 to 
6). The few studies regarding complement ac- 
tiwty in pneumonia which have been published 
present conflicting conclusions. Dick (7) studied 
4 pneumonia patients and 2 controls and reported 
that complement activity increased during pneu- 
monia and returned to normal after crisis. Veil 
and Buchholz (8) stated that complement activity 
did not decrease during pneumonia but presented 
no data. Robertson, Sia, and Cornwell (9) re- 
ported without specific data that “little evidence 
was obtained to show that the activating effect of 
fresh animal (including human) serum undergoes 
any significant alteration during the disease.” 
Taplin (10) noted that 6 patients who failed to 
respond to adequate and specific serum therapy 
were found to be deficient in serum complement. 
Dingle (11) studied 73 patients with many dis- 
eases, 9 of whom had pneumonia. Only 2 of the 
73 patients had diminished complement activity, 
and both of these were pneumonia patients. 

It has been demonstrated in vitro by Robertson, 
Sia, and Cornwell (9) that the addition of fresh 
normal serum increased the pneumococcidal-pro- 
moting action of Type I antipneumococcus serum, 
and Ward and Enders (12) have reported that the 
opsonic effect of Type II type-specific antipneumo- 
coccus antibody is enhanced by the addition of 
complement, even though complement, in the ab- 
sence of antibody, has no effect. Also, comple- 
ment activity in the blood of normal individuals, 
as reported in the medical literature (9, 12 to 16, 
17 to 21), is remarkably constant within a com- 


paratively narrow range. These findings, particu- 
larly those of Taplin, suggested the need for 
further study of complement activity in pneu- 
monia. 

Accordingly, complement activity was studied in 
the blood serum of 75 patients admitted to the 
Albany Hospital from February 1940 to June 1941 
for the treatment of pneumococcus pneumonia. 
This report presents the observations of that study 
with particular reference to outcome, pneumo- 
coccus type, bacteremia, serum administration, 
drug administration and serum sickness, although 
not every case was included in each series. 

The diagnosis of pneumonia was confirmed in 
every case by an x-ray photograph of the chest 
and by demonstration of type-specific pneumo- 
cocci on direct examination of the sputum (Neu- 
feld). 

METHODS 

Blood specimens were collected, allowed to clot, centri- 
fuged, and the sera pipetted off in the usual fashion. 
Sterile dry equipment was used throughout The speci- 
mens were numbered and allowed to stand at refrigerator 
temperature overnight They were then transferred, with- 
out any accompanying information other than the name 
of the patient and the date of bleeding, to the laboratory 
of Dr. Frank Maltaner ^ at the Division of Laboratories 
and Research of the New York State Department of 
Health. Specimens were kept at refrigerator temperature 
from the time of separation of the serum up to the time 
of testing, with the exception of the time required for 
transfer of the specimens to the laboratory. The distance 
behveen the hospital and the laboratory is but a few 
hundred yards, and it is believed that no appreciable effect 
on complement activity would be caused by the time re- 
quired for that transfer. 

The titrations were usually performed within forty- 
eight hours of the time that the blood was collected, 
although a few specimens were titrated as long as 
seventy-hvo hours after bleeding. Studies will be re- 

= We wish to acknowledge the cooperation and advice 
extended to us by Dr. Maltaner, and express our thanks 
for the technical assistance of Miss Loretta Dugan who 
performed the laboratory tests. 


^This study was aided in part by a grant from the 
John and Mary R. Markle Foundation. 
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with normal complement activity on admission, as 
compared with 2 deaths among the 12 cases with 
low complement activity on admission (Table II). 
It is therefore evident that complement activity 
at the time of admission to the hospital could not 
be used as an index of prognosis in this series of 
patients. However, it is important to note that 
complement activitj' was lower prior to death than 
at the time of admission to the hospital in 6 of the 
7 patients on whom more than one determination 
ATOs performed (Table IV). The results of the 
final tests indicated low complement activity in 6 
of the 9 patients from whom specimens were 
collected within seventy-two hours of death. 

All specimens of low activitj' at the time of 
admission to the hospital were obtained from pa- 
tients with either Type I, III or VII pneumococcus 
infections (Table V). The sera of all of the 31 
patients infected with tj'pes other than I, III and 
VII were within the normal range of complement 
activity at the time of admission to the hospital. 
The distribution of Type I patients was striking, 
since 9 of the 12 cases with low complement ac- 
tivity on admission were Type I cases, whereas 
only 12 of the 59 cases with normal complement 
activity on admission were found to be Type I 
infections. 

Blood cultures were done on all patients at the 
time of admission to the hospital and no correla- 

TABLE III 


Complemeni activily* of sera of pneumonia patients iinth 
low complemeni activity at time of admission to hospital and 
complement activity of same patients following recovery 


Case 

Volume of eerum* 

Percentage 
increase 
in volume* 
at lime of 
admission 

During pneu- 
monia at time of 
admission 

Following 

TQcovexy 


ml. 

ml. 


2 

0.0069 

0.0044 

+ 56.8 

59 

0.0069 

Died 


40 

0.0083 

Died 


64 

0.0087 

0.0036 

-f 141.7 

12 

0.0077 

0.0030 

+ 156.7 

66 

0.0100 

0.0038 

+ 163.2 

55 

0.0110 

0.0030 

+ 266.7 

39 

0.0230 

0.0031 

+ 641.9 

52 

0.1000 

0.0030 

+3233.3 

21 

0.2000 

0.0051 

+3821.6 

47 

> 0.2000 1 

0.0045 

>+4344.4 

15 

>0.2000t 

0.0031 

>-i-6351.6 


* See footnote on Table I. 

t Less than 50 per cent hemolysis with 0.2 ml. undiluted 
serum, the largest amount tested. 


TABLE IV 


Complement activity* of sera of pneumonia patients at time 
of admission to hospital and on final test before death 


Case 

number 

At time of admission 
to hospital 

Final test before death 

Volume of 
serum* 

Interval to 
death 

Volume of 
serum* 

Interval to 
death 


ml. 

days 

ml. 

days 

72 

0.0028 

1 

0.0041 

0 

27t 

0.0040 

1 

0.0040 

1 

45 

0.0049 

2 

>0.2000}}] 

2 

40t 

0.0083 

2 

0.0083 

2 

5 

0.0060 

3 

0.0085 

1 

57 

0.0030 

5 

0.0204 § 

3 

33 

0.0039 

7 

0.0030 

3 

60 

0.0051 

22 

0.1778 

0 

17t 

0.0036 

30 

0.0036 

30 

59 

0.0069 

33 

0.0202 

2 


* See footnote on Table I. 

t Only one test performed. 

j Two specimens taken on the same day, one before and 
one following serum administration. The final specimen 
was taken two hours after serum administration (Table 
VI). 

§ Specimen taken one day following serum administra- 
tion (Table VI). 

j| &e footnote on Table III. 

tion could be found between the occurrence of 
bacteremia and the presence of low complement 
activity, since bacteremia occurred in 16 of the 59 
patients wth normal complement activity, and in 
4 of the 12 patients with low complement activity. 

Age and sex had no effect on complement ac- 
tivity in this group of patients, either on admission 
to the hospital or after recovery from the disease. 
These findings with respect to age are in agree- 
ment with those of Gunn (14) who reported that 
there were no differences in complement activity 
in normal individuals according to age. 

The frequency of low complement activity 
among alcoholic patients at the time of admission 
to the hospital (3 in 20 patients) was similar to 
that among non-alcoholic patients (9 in 51 pa- 
tients) . 

The occurrence of a diminished complement 
activity in the blood serum of certain pneumonia 
patients at the time of admission to the hospital 
is striking when compared wdth the marked uni- 
formity of complement activity in normal indi- 
viduals, but the significance of this change is not 
clear. A study of antigen, antibody and comple- 
ment relationships in the blood of pneumonia 
patients may yield important information regard- 
ing the mechanism of recoveiy or death from 
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TABLE I 


Distrihition of apparently healthy individuals according 
to complement activity* 


Volume of serum* 

Apparently healthy 
individuals 

ml, 

0.0028-0.0029 

1 

0.0030-0.0039 

4 

0.0040-0.0049 

23 

0.0050-0.0059 

19 

0.0060-0,0067 

7 

Total 

54 


* Complement activity is inversely related to the volume 
of serum required to produce 50 per cent hemolysis in a 
standardized system. Therefore, an increase in volume 
indicates a decrease in complement activity, and a decrease 
in volume indicates an increase in complement activity. 


ported elsewhere showing that the time interval between 
bleeding and testing was not a factor in the changes in 
complement activity discussed in this paper. 

The titrations were performed according to the technic 
of Wadsworth, Maltaner and Maltaner (22), with ad- 
justment of the dilutions to correct for the fact that com- 
plement activity of human serum is approximately half 
that of guinea pig serum (16, 23). The advantages of 
this method, the end point of which is the amount of 
serum required to elfect SO per cent hemolysis in a stand- 
ardized system, as compared with those dependent upon 
the choice of the one tube in which hemolysis begins or 
ends, have been reported by Wadsworth, Maltaner and 
Maltaner (22). The chemical method of Heidelberger, 
recently published (24, 25), could not be used in a study 
of this nature because of the large amount of human 
serum required for that test. 


Complement activity is reported in this study in 
terms of the volume of blood serum in milliliters 
required to produce 50 per cent hemolysis. Since 
the volume required is inversely related to com- 
plenmit activity, the larger the number of milli- 
liters. indicated, the lower the complement activity 
in the spechnen of the blood serum, and vice versa. 

Range of normal compleinent activity 

The normal range of complement activity of 
human blood as determined by this method con- 
firms the marked constancy of complement activity 
in normal individuals as measured by other meth- 
ods (9, 12 to 16, 17 to 21). 

Blood specimens were obtained from 54 appar- 
ently healthy individuals and the largest amount 
of serum require^ to effect 50 per cent hemolysis 
in this group wasi, 0.0067 ml. (Table I). This 
will be considered ak the lower limit of the range 


of normal complement activity for purposes of 
discussion in this paper and volumes of 0,0068 ml, 
or greater will be referred to in this study as 
indices of low complement activity. 

Complement activity during pneumonia 

Of the 71 pneumonia patients from whom blood 
specimens were collected on admission to the hos- 
pital, 12, or 16,9 per cent, were found to have low 
complement activity varying from 0.0069 ml. to 
complete failure of hemolysis in the largest amount 
of serum tested, i.e., 0.2 ml. of undiluted serum. 
However, the specimens collected from these pa- 
tients following recovery were found to have nor- 
mal complement activity with a range of 0.0030 to 
0.0051 ml. The percentage increase in comple- 
ment activity on recovery was largest among those 
with the lowest complement activity at the time 
of admission to the hospital (Table III). There 
was no apparent trend in either direction among 
the 51 recovered cases with normal complement 
activity on admission to the hospital. 

The case fatality rate among the 71 patients 
tested on admission to the hospital was 14,1 per 
cent. There were 8 deaths among the 59 patients 


TABLE II 


Distribution of pneumonia patients at time of admission 
hospital and following recovery from pneumonia, 
according to complement activity* and outcome 



Pneumonia patients 

Volume of serum* 

At time of admission 

Following 

recovery 


Recovered 

Died 

ml. 

Normal 



7 

0.0023-0.0029. . . . 

3 

1 

0 

27 

16 

14 

1 

61 

0.0030-0.0039.... 

18 

3 

0.0040-0.0049.... 

17 

2 

0.0050-0.0059.... 

11 

1 

0.0060-0.0067. . . . 

2 

Total . . . 

51 

8 

Low 

1 

1 


0.0068-0.0069.... 


0.0070-0.0079.... 

0.0080-0,0089.... 

1 

1 

1 


0.0090-0.0099.... 

7t 

10 



0.0100-0.2000.... 
Total. . . 

2 

61 

Grand total . 

61 

10 


See footnote on Table I. , ,q 

Specimens from two of these showed less than 50 P 
Lmolysis with 0.2 ml. undiluted serum, the large 
unt of serum tested. 
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with normal complement activity on admission, as 
compared with 2 deaths among the 12 cases with 
low complement activity on admission (Table II). 
It is therefore evident that complement activity 
at the time of admission to the hospital could not 
be used as an index of prognosis in this series of 
patients. However, it is important to note that 
complement activity' was lower prior to death than 
at the time of admission to the hospital in 6 of the 
7 patients on whom more than one determination 
was performed (Table IV). The results of the 
final tests indicated low complement activity in 6 
of the 9 patients from whom specimens were 
collected within seventy-two hours of death. 

All specimens of low activity at the time of 
admission to the hospital were obtained from pa- 
tients with either Type I, III or VII pneumococcus 
infections (Table V). The sera of all of the 31 
patients infected with types other than I, III and 
VII were within the normal range of complement 
activity at the time of admission to the hospital. 
The distribution of Type I patients was striking, 
since 9 of the 12 cases with low complement ac- 
tivity on admission were Type I cases, whereas 
only 12 of the 59 cases with normal complement 
activity on admission were found to be Type I 
infections. 

Blood cultures were done on all patients at the 
time of admission to the hospital and no correla- 

TABLE III 

Complement activity* of sera of pneumonia patients viith 
low complement activity at time of admission to hospital and 
complement activity of same patients following recovery 


Case 

number 

Volume of serum* 

Percentage 
increase 
in volume* 
at time of 
admission 

During pneu- 
monia at time of 
admission 

Following 

recovery 


mZ. 

ml. 


2 

0.0069 

0.0044 

+ 56.8 

59 

0.0069 

Died 


40 

0.0083 

Died 


64 

0.0087 

0.0036 

+ 141.7 

12 

0.0077 

0.0030 

+ 156.7 

66 

0.0100 

0.0038 

+ 163.2 

55 

0.0110 

0.0030 

+ 266.7 

39 

0.0230 

0.0031 

+ 641.9 

52 

0.1000 

0.0030 

4-3233.3 

21 

0.2000 

0.0051 

+3821.6 

47 

>0.2000t 

0.0045 

> +4344.4 

15 

> 0.2000 1 

0.0031 

>+6351.6 


&e footnote on Table I. 

t Less than 50 per cent hemolysis with 0.2 ml. undiluted 
serum, the largest amount tested. 


TABLE IV 


Complement activity* of sera of pneumonia patients at time 
of admission to hospital and on final lest before death 


Case 

number 

At time of admission 
to hospital 

Final test before death 

Volume of 
serum* 

1 

Interval to | 
death 

Volume of ' 
serum* 

Interval to 
death 


ml. 

days 

mj. 

days 

72 

0.0028 

1 

0.0041 

0 

27t 

0.0040 

1 

0.0040 

1 

45 

0.0049 

2 

>0.2000111 

2 

40 1 

0.0083 

2 

0.0083 

2 

5 

0.0060 

3 

0.0085 

1 

57 

0.0030 

5 

0.0204§ 

3 

33 

0.0039 

7 

0.0030 

3 

60 

0.0051 

22 

0.1778 

0 

17t 

0.0036 

30 

0.0036 

30 

59 

0.0069 

33 

0.0202 

2 


* See footnote on Table I. 

t Only one test performed. 

t Two specimens taken on the same day, one before and 
one following serum administration. The final specimen 
was taken two hours after serum administration (Table 

_ § Specimen taken one day following serum administra- 
tion (Table VI). 

II See footnote on Table III. 

tion could be found between the occurrence of 
bacteremia and the presence of low complement 
activity, since bacteremia occurred in 16 of the 59 
patients with normal complement activity, and in 
4 of the 12 patients with low complement activity. 

Age and sex had no effect on complement ac- 
tivity in this group of patients, either on admission 
to the hospital or after recovery from the disease. 
These findings with respect to age are in agree- 
ment with those of Gunn (14) who reported that 
there were no differences in complement activity 
in normal individuals according to age. 

The frequency of low complement activity 
among alcoholic patients at the time of admission 
to the hospital (3 in 20 patients) was similar to 
that among non-alcoholic patients (9 in 51 pa- 
tients) . 

The occurrence of a diminished complement 
activity in the blood serum of certain pneumonia 
patients at the time of admission to the hospital 
is striking when compared with the marked uni- 
formity of complement activity in normal indi- 
viduals, but the significance of this change is not 
clear. A study of antigen, antibody and comple- 
ment relationships in the blood of pneumonia 
patients may yield important information regard- 
ing the mechanism of recovery or death from 
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pneumonia. It would also be desirable to study 
complement activity in other diseases, especially 
during the days immediately preceding death, in 
order to discover whether the decrease in com- 
plement activity is a specific effect of the pneu- 
monia or a general biological phenomenon which 
becomes manifest in many diseases in the period 
prior to death. 

Complement activity after intravenous serotherapy 
and chemotherapy 

The complement activities of specimens of blood 
serum taken immediately preceding and following 
intravenous administration of antipneumococcus 
horse serum, antipneumococcus rabbit serum, so- 
dium sulfathiazole, and sodium sulfadiazine were 
compared. 

There were decreases in complement activity 
after serum administration in 16 of 19 patients 
who received either horse or rabbit antipneumo- 
coccus serum (Table VI). These results are in 
marked contrast to those observed in patients who 
received approximately equal sized intravenous 
injections of 5 per cent solutions of sodium sulfa- 
thiazole or sodium sulfadiazine in distilled water. 
Seven of the 14 patients who received these drugs 
demonstrated decreases in complement activity 
(Table VII), but the degrees of change were less 
marked than among those patients who received 
serum (Table VI). 

In this series of patients, there were no differ- 
ences between the changes occurring after the injec- 
tion of antipneumococcus horse and rabbit serum 
(Table VI). This differs from the results ob- 
tained in vitro by Zinsser and Parker (26), and 
confirmed with purified specific polysaccharides by 

TABLE V 


Dislribtdion of pneumonia patients at time of admission to 
hospital, according to complement activity and 
predominant type of pneumococcus 


Pneumococcus type 

Pneumonia patients 

Total 

Normal 

complement 

activity 

Low 

complement 

activity 

I 

21 

12 

9 

Ill 

14 

12 

2 

VII 

5 

4 

1 

All other 

31 

31 


Total 

71 

59 

12 


TABLE VI 

Complement activity* of sera of pneumonia patients immedi- 
ately preceding and immediately following intravenous 
antipncumococcus serum administration 


Case 

number 


Volume of serum* 

Percentage increase 

Serum 

Preceding 
serum ad- 
ministration 

Following 
serum ad- 
ministration 

volume* following 
serum adminis- 
tration 

36 

Rabbit 

ml. 

0.0977 

ml. 

0.0091 

- 90.7 

42 

Rabbit 

0.0047 

0.0042 

- 10.6 

58 

Rabbit 

0.0035 

0.0035 

No change 

60 

Horse 

0.0051 

0.0054 

-b 

5.9 

48 

Rabbit 

0.0033 

0.0035 

+ 

6.1 

43 

Horse 

0.0065 

0.0070 

+ 

7.7 

54 

Horse 

0.0056 

0.0061 

+ 

8.9 

49 

Rabbit 

0.0057 

0.0064 

-b 12.3 

63 

Horse 

0.0041 

0.0050 

+ 22.0 

69 

Rabbit 

0.0055 

0.0070 

-f 27.3 

68 

Rabbit 

0.0048 

0.0062 

-t- 29.2 

56 

Rabbit 

0.0056 

0.0081 

4 - 44.6 

75 

Horse 

0.0036 

0.0056 

-f 55.6 

64 

Horse 

0.0087 

0.0148 

+ 70.1 

66 

Horse 

0.0100 

0.0186 

+ 86.0 

52 

Horse 

0.1000 

>0.2000t 

>-f 100.0 

55 

Rabbit 

0.0110 

0.0881 

+ 700.9 

45 

Rabbit 

0.0049 

>0.2000t 

>-f 3981.6 

57 

Rabbit 

0.0030 

0.1445 

-j-4716.7 


* See footnote on Table I. 
fSee footnote on Table III. 


Goodner and Horsfall (27), showing that anti- 
pneumococcus rabbit serum “under proper condi- 
tions” after union with pneumococcus antigen will 
fix complement, whereas antipneumococcus horse 
serum under the same circumstances will not do so. 

The decreases in complement activity following 
serum administration may possibly explain the 
occasional failure of huge amounts of antipneu- 
mococcus serum to control the disease in certain 
patients. Such failures occurred in the era prior 
to chemotherapy. This explanation is a likely one 
considering the experimental evidence of the en- 
hancement of the opsonic and bactericidal effects 
of antipneumococcus serum by the addition o 
complement (9, 12). Moreover, the tendency o 
complement activity to decrease during the perio 
prior to death (Table IV) may be one of tie 
reasons for the relative failure of serotherapy 
when administered late in the course of the disease. 

Complement activity during serum sickness 

Serum sickness, for purposes of this study, is 
defined as a delayed reaction occurring at least one 
day following the administration of antipneumo- 
coccus serum and consisting of any one or a 
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TABLE Vn 


Complcmenl aclivity* oj sera of pneumonia patients immedi- 
ately preceding and immediately follcnving intravenous 
drug administration 




Volume of scrum* 

PcrccnlaRC increase 

Cafc 

number 

DniE 

Preceding 
druK ad* 
ministration 

FollowinR 
druK ad* 
ministration 

or decrease in 
volume* following 
drug administration 

74 

S. Sd. 

rrj. 

0.0033 

ml. 

0.0029 

-12.1 

56 

S. Sth. 

0.0040 

0.0038 

- 5.0 

57 

S.Sd. 

0.0030 

0.0029 

- 3.3 

73 

S.Sd. 

0.0043 

0.0042 

- 2.3 

75 

S.Sd. 

0.0039 

0.0039 

No change 

70 

S.Sd. 

0.0031 

0.0031 

No change 

60 

S.Sd. 

0.0051 

0.0051 

No change 

53 

S. Sth. 

0.0065 

0.0068 

+ 4.6 

59 

S.Sd. 

0.0069 

0.0075 

+ 8.7 

65 

S. Sth. 

0.0063 

0.0070 

-Ml.l 

62 

S.Sd. 

0.0048 

0.0054 

-1-12.5 

67 

S. Sth. 

0.0052 

0.0063 

-b21.2 

71 

S.Sd. 

0.0033 

0.0041 

-f24.2 

61 

S. Sth. 

0.0033 

0.0041 

-f24.2 


* See footnote on Table I. 

S. Sth. = So<iium Sulfathiazole. 
S. Sd.=Sodium Sulfadiazine. 


combination of the following symptoms : urticaria, 
arthritis, and lymphadenopathy. These are fre- 
quently accompanied by fever, but in patients 
recovering from pneumonia it is not feasible to 
consider fever alone as diagnostic of serum sick- 
ness. Therefore, individuals presenting fever 
alone are not included in the serum sickness study. 
The severity of the disease varied from a few 
wheals lasting for a few hours to severe urticaria, 
arthritis, and lymphadenopathy lasting for six 
days. Only patients who recovered from pneu- 
monia prior to the onset of serum sickness are 
included in Table VIII. 

The blood spedmens used in determining com- 
plement activity during serum sickness were taken 
during the first day of that disease and the results 
obtained were compared with those of blood 
specimens taken before serum sickness, during 
pneumonia at the time of admission to the hos- 
pital, and after serum sickness, following recovery 
from that disease. 

One-half of the patients studied during serum 
sickness showed marked decreases in complement 
activity at that time (Table VIII ) . These changes 
could not be correlated with the nature or the 
severity of the symptoms presented, but further 
studies are being made in an attempt to discover 


why striking decreases in complement activity oc- 
curred in only half of these patients. 

These results in patients with serum sickness 
are not inconsistent with the evidence of the lit- 
erature; the decrease in complement activity in 
4 animals with experimental serum sickness, as 
reported by Miura (28), and in the single human 
case, as reported by Francioni (29). 

CONCLUSIONS 

The blood serum of apparently healthy individ- 
uals had remarkably constant hemolytic comple- 
ment activity within a comparatively narrow range. 

At the time of admission to the hospital, the 
blood serum of one-sixth of the pneumonia pa- 
tients studied had low complement activity. No 
correlation could be found between complement 
activity and age, sex, bacteremia or alcoholism. 

No specimens of low complement activity were 
found on recovery from pneumonia. 

Complement activity could not be used as an 
index of prognosis at the time of admission to 
the hospital in this series of pneumonia patients, 
but there w’as a tendency for complement activity 
to diminish in the period prior to death. 

There was an unusual incidence of Type I in- 
fection among patients with low complement ac- 
tivity at the time of admission to the hospital. 

TABLE VIII 


Complement activity of sera of pneumonia patients pre- 
ceding, during, and follo-xing serum sickness 


Case 

number 

Volume of serum* 

Preceding serum 
sickness 

During serum 
sickness 

Following serum 
sickness 


Tni. 

ml. 

ml. 

22 

0.0032 

0.0025 

0.0039 

14 

0.0037 

0.0026 

0.0055 

10 

0.0046 

0.0040 

0.0036 

36 

0.0977 

0.0042 

Not done 

21 

0.2000 

0.0049 

0.0051 

18 

0.0034 

0.0051 

Not done 

75 

0.0039 

0.0068 

0.0038 

68 

0.0048 

0.0068 

0.0042 

6 

Not done 

0.0120 

0.0074 

26 

0.0041 

0.0123 

0.0053 

30 

0.0037 

0.0200 

0.0046 

64 

0.0087 

0.0200 

0.0036 

25 

0.0049 

0.0400 

0.0048 

20 

0.0054 

0.1122 

Not done 

63 

0.0041 

> 0.2000 1 

0.0030 

66 

0.0100 

>OJ2000t 

0.0038 


* See footnote on Table I. 
t See footnote on Table III. 
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Complement activity of specimens of blood col- 
lected immediately following intravenous admin- 
istration of antipneumococcus horse and rabbit 
serum was, in most cases, lower than the activity 
of specimens obtained from the same patients 
prior to serum administration. In contrast, the 
changes which occurred following the injection of 
sodium sulfathiazole and sodium sulfadiazine were 
not remarkable. 

In one-half of the individuals studied, comple- 
ment activity was lower during serum sickness 
than before or after serum sickness. 

The authors are indebted to Dr. John W. Fertig, Pro- 
fessor of Biostatistics, DeLamar Institute of Public 
Health, Columbia University, and to Miss Isabel Mc- 
Caffrey, Assistant Statistician, New York State Depart- 
ment of Health, for their statistical advice and assistance. 
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Advances in the study of the staphylococcus 
and infections caused by this micro-organism in- 
clude the development of biological and serologi- 
cal methods for differentiating various strains of 
staphylococci. Numerous investigators have con- 
cluded that the coagulase reaction is one of the 
most practical and simple methods for differen- 
tiating pathogenic from non-pathogenic strains (1 
to 7). We have arrived at similar conclusions, 
but it should be emphasized that the use of the 
terms, “pathogenic”, and “non-pathogenic”, ex- 
press only a relative relationship. As will be 
pointed out, non-pathogenic strains may in rare 
instances, cause serious and even fatal infections. 

The purpose of this report is to correlate the 
coagulase reaction vvith the resistance of staphy- 
lococci to the bactericidal action of human blood. 
This work is an outgro^vth of a previous study in 
which it was shown that pathogenic strains of 
staphylococci were highly resistant to the anti- 
bacterial action of human bloods from healthy con- 
trols and from those recovering from severe 
staphylococcal infections (8). As far as we can 
ascertain from a review of the literature, no com- 
prehensive reports are available concerning the 
relationship of coagulase production to the growth 
of staphylococci in human blood. In this connec- 
tion, Thompson and Khorazo (9) stated that Type 
A strains of staphylococci grew better in human 
defibrinated blood than non-Type A strains. 

METHODS OF STUDY 

Source of strains. A total of 70 strains were 
studied, all isolated from human beings. Thirty- 
two strains were obtained from an equal number 

^ Aided by grants from the Committee on Scientific 
Research of the American Medical Association and the 
Graduate School of the University of Minnesota. 

® Presented at the Annual Meeting of the Central So- 
ciety for Clinical Research, Chicago, November 7, 1941. 


of patients having severe infections such as bac- 
teremia, osteomyelitis, and bacterial endocarditis. 
Fifteen strains were sent to us by Dr. G. H. Chap- 
man of New York City in answer to a request for 
human strains which he considered to be non- 
pathogenic. Ten strains of 5". albus were obtained 
from superficial lesions and human urine. A 
strain of Y. albus was cultured from the venous 
bloods of each of two patients with a Ijacterial 
endocarditis. Eleven strains of S. albus were 
grown from the hair and skin of normal human 
beings. 

Cultures were grown on veal-agar slants, pH 
7.8, kept in a refrigerator and transplants made 
every 3 weeks. Continuous transfers were made 
over a period of 3 months to 3 years, depending 
upon the time when the original culture was 
obtained. During the last year of study, the 
majority of the cultures were maintained under 
oil on veal-agar slants and transplants made every 
6 months. 

Coagulase test. The test was performed by 
transferring one loopful of organisms from a 24- 
hour culture on an agar slant to 0.5 ml. of citrated 
hiunan plasma and incubating the plasma in a 
water bath at 37° C. The pressure of coagulum 
at the end of 3 or 18 hours indicated a positive 
test. 

Bactericidal test. Eighteen-hour broth cultures 
were used. The broth as described by Lyons (10) 
consisted of veal infusion (Difeo), peptone (2 per 
cent), glucose (0.05 per cent), and NaQ (1 per 
cent). Fresh, defibrinated blood from individuals 
free of demonstrable infections was used. Ten- 
fold dilutions of the broth cultures were made up 
to the 10' dilution and 0.05 ml. of each dilution 
was added to each of several small, pyrex glass 
tubes containing 0.5 ml. of defibrinated blood. 
The approximate number of organisms in each of 
the dilutions u-as determined by preparing pour- 
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TABLE I 


Correlation 'between coagitlase and bactericidal test for 
staphylococci isolated from patients with 
severe infections 


Strain 

num- 

ber 

Pig- 

ment 

Coag- 

ulase 

test 

Bactericidal test* 

10> 

Dilu 

102 

tion 

102 

of o 

10' 

rgan 

102 

isms 

10« 

102 

Number of 
organisms per 
0.05 ml. 102 
dilution 

1 

Yellow 

Positive 

+ 

+ 

+ 

-P 

-P 

-p 

-p 

202 

2 

Yellow 

Positive 

+ 


+ 

-P 

-P 

-p 

-p 

331 

3 

Yellow 

Positive 

+ 

+ 

+ 

-P 

4" 

4* 

-p 

26 

4 

Orange 

Positive 

+ 


-f 

-P 

-p 

-p 

-p 

250 

5 

Yellow 

Positive 

-h 

-t- 

-h 

-P 

-p 

-p 

-p 

56 

6 

Orange 

Positive 

+ 

+ 

-P 

-P 

-p 

+ 

-p 

500 

7 

Yellow 

Positive 

+ 

+ 

-f 

-P 

-p 

-p 

-p 

500 

8 

Orange 

Positive 

+ 

+ 

+ 

'h 

-p 

-p 

-p 

389 

9 

Orange 

Positive 

-h 

+ 

+ 

4" 

-p 

-p 

+ 

3 

10 

Yellow 

Positive 

+ 

+ 

+ 

+ 

-p 

-p 

-p 

160 

11 

Gold 

Positive 

-f 

+ 

-f 

4“ 

-p 

-p 

-p 

102 

12 

White 

Positive 

-P 


-P 

4" 

-p 

-p 

-p 

12 

13 

Gold 

Positive 


+ 

-P 

4~ 

-p 

-p 

-p 

215 

14 

Orange 

Positive 

+ 

+ 

-P 

4“ 

-p 

-p 

-p 

83 

IS 

Yellow 

Positive 

+ 

-h 

-P 

4- 

-p 

-p 

-p 

344 

16 

Yellow 

Positive 

-f 

+ 

-P 

4* 

-p 

-p 


190 

17 

White 

Positive 

+ 

4~ 

-P 

4~ 

-p 

-p 

-p 

185 

18 

White 

Positive 

+ 

4~ 

+ 

4~ 

4~ 

4~ 

4* 

64 

104 

Orange 

Positive 

-t- 

+ 

-P 

0 

0 

0 

0 

200 


* + = Growth. 


plates with 0.05 ml. of the 10® and 10^ dilutions. 
The tubes were sealed in a gas-oxygen flame and 
rotated for 24 hours in a box in an incubator at 
37° C. At the end of this time, the tubes re- 
mained for another 24 hours in the incubator. 
They were then opened and the contents of each 
tube cultured on an agar plate to determine the 
presence of viable organisms. 

RESULTS 

All 32 strains isolated from patients having 
severe infections were coagulase-positive and re- 
sisted the bactericidal action of normal defibrinated 
blood with but one exception. Representative 
results are presented in Table I. It is to be noted 
that strains 12, 17, and 18 grew out as white col- 
onies, and on this basis would be classified as S. 
albus cultures. In this connection, experience 
with strain 18 is of interest. It was isolated from 
the blood stream of a patient who had a fulminat- 
ing and fatal infection. The presence of S. albus 
in the culture brought up the possibility of its 
being a contaminant. Subsequent cultures of 
blood yielded the same type of colonies. Re- 
peated coagulase tests performed with different 
cultures of this strain gave positive results which 
classified the culture as belonging to the patho- 
genic group. After many subcultures, this strain 
still produces only white colonies and is resistant 


to the bactericidal action of whole blood. S. albus 
strains 12 and 17 were obtained from severe osteo- 
myelitic lesions. Strain 104 was the only coagu- 
lase-positive strain that did not resist the killing 
effect of blood. Repeated tests with this strain, 
using samples of blood from several individuals, 
showed that a significant number of organisiHs 
were killed in every instance. However, the strain 
was highly pathogenic because of a lethal toxin 
that it produced. A laboratory worker acciden- 
tally inoculated with a broth culture of this strain 
expired 52 hours later. The clinical course and 
autopsy findings were similar to those observed by 
Kellaway and his associates in the Bundaberg dis- 
aster of 1928 (11). 

Several veal-agar transplants were made with 
the 15 non-pathogenic S. albus cultures sent to us 
in 1937 by Dr. George A. Chapman. These were 
stated to be coagulase-negative strains. In our 
hands, 2 of these strains were found to be coagu- 
lase-positive, and resisted the bactericidal action of 
blood. The significance of these findings will be 
discussed shortly. The remaining cultures were 
all coagulase-negative, and a marked killing effect 
of the blood was observed for all of the strains. 

Table II includes the results with a group of 
12 strains of S. albus isolated from persons with 
superficial lesions and low-grade infections of the 
urinary tract, and from 2 patients with bacterial 
endocarditis. Strain 157 was coagulase-positive 
and no killing effect was exhibited by the whole 


TABLE II 

Correlation between coagulase and bactericidal tests for 
S. Albus isolated from human beings 




Bactericidal test* 

Strain 

num- 

ber 

Coagulase 

test 

Dilution of organisms 

Number of 
organisms^^f 



101 

102 

103 

10' 

102 

10« 

102 

dilution 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

-f 

-f- 

0 

4- 

-P 

+ 

-f 

-f 

-P 

-P 

-P 

-P 

0 

-P 

0 

-p 

0 

-p 

-p 

-p 

-p 

-p 

-p 

-p 

0 

0 

0 

0 

0 

-p 

0 

-p 

•p 

0 

■p 

0 

0 

0 

0 

0 

0 

-p 

0 

-p 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-p 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-p 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-p 

0 

0 

0 

0 

53 

600 

15 

69 

131 

229 

656 

100 

23 

50 

251 

22 


* -j- = Growth. 
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TABLE III 

Correlation between coagulase and bactericidal tests at intervals of three years for S. Albus strains 


1938 


Strain 

number 

Pigment 

produc- 

tion 

Coagulase 

test 

Bactcriddal test* 

Pigment 

produc- 

tion 

Coagulase 

test 

Bactericidal test* 

Dilution of organisms 

Organisms 

10' 

dilution 

Dilution of organisms 

Organism. 

10' 

dilution 

10> 

10> 

10' 

10* 

10» 

10' 

10' 

M 

B 

i 

B 

m 

IQI 

B 

6508 

White 

NcRutive 

+ 

+ 

+ 

0 

0 

0 

0 

■ 1 

Yellow 

Positive 

+ 

+ 

+ 

-p 

+ 

-p 

-p 

27 

6744 

White 

Negative 

+ 

+ 

+ 

0 

0 

0 

0 

■Tiy ■ 

Yellow 

Positive 

+ 

+ 

+ 

-p 

+ 

+ 

+ 

23 

6707 

White 

Positive 

+ 

4- 

-p 

+ 

+ 

-p 

+ 

■ES 

Yellow 

Positive 

+ 

+ 

+ 



4“ 

4" 

21 

6715 

White 

Negative 

+ 

-f 

0 

0 

0 

0 

0 

116 

White 

Negative 

+ 

-p 

+ 

0 

0 

0 

0 

68 

6476 

White 

Negative 

+ 

-P 

0 

0 

0 

0 

0 

500 

White 

Negative 

+ 

-p 

0 

0 

0 

0 

0 

43 

6756 

White 

Negative 

+ 

-P 

+ 

0 

0 

0 

0 

311 

White 

Negative 

+ 

+ 

+ 

+ 

0 

0 

0 

31 

6773 

White 

Negative 

+ 

-P 

0 

0 

0 

0 

0 

30 

White 

Negative 

+ 

+ 

0 

0 

0 

0 

0 

4 

6780 

White 

Positive 

-p 

-P 

+ 

+ 

+ 

+ 

+ 

135 

White 

Negative 



0 

0 

0 

0 

0 

44 

155 

White 

Negative 

+ 

-P 

+ 

-p 

0 

0 

0 

229 

Yellow 

Positive 




-h 

+ 

-p 

+ 

23 

157 

White 

Positive 

+ 

-P 

4~ 

-p 

+ 

+ 


100 

White 

Positive 

-p 

-p 

-p 


"f- 

+ 

+ 

43 


1941 


' + = Growth. 


blood when this strain was investigated. This 
culture was obtained from the urine of a patient 
only mildly ill. In contrast, organisms from all 
of the 11 remaining strains were killed in large 
numbers. Strains 153 and 161 were isolated from 
the blood streams of 2 patients who had subacute 
bacterial endocarditis. Repeated blood cultures 
revealed the same species of organism to be pres- 
ent. Organisms from both strains grew out as 
white colonies; they showed a negative coagulase 
test ; and they were killed in large numbers by the 
whole blood of the patients and of normal indi- 
viduals. The blood streams of both individuals 
were sterile for long periods of time following the 
use of sulfonamide compounds. Cardiac failure 
supervened in both patients and death resulted. 
Post-mortem studies were carried out and clumps 
of cocci were present at the bases of the vegeta- 
tions on the mitral valves of both cases. 

Table III includes the results of the coagulase 
and bactericidal tests performed in 1938 and in 
1941 with the same strains. During the interven- 
ing period of three years, numerous transplants 
had been made on veal-agar. All the strains, ex- 
cept 155 and 157, were procured from Dr. G. H. 
Chapman. The significant feature of these obser- 
vations is that four of the strains (6508, 6744, 
6780, and 155) showed a reversal in the results of 
the coagulase tests, and coincident with this, a 
change in their resistance to the killing power of 
blood. A possible explanation for these changes 
will be presented shortly. 


DISCUSSION 

While the foregoing data show a remarkably 
close correlation between the production of coagu- 
lase by staphylococci and the resistance of the 
organisms to the bactericidal action of defibrinated 
human blood, we do not wish to imply that coagu- 
lase, per se, is the factor responsible for the dif- 
ference in the antibacterial action of blood against 
coagulase-positive and coagulase-negative strains. 
It is not known what effect this substance has 
upon the killing power of whole blood. 

It was noted that some strains after many trans- 
plants exhibited a reversal of coagulase production 
and of their resistance to the bactericidal action of 
blood. It is not unlikely that the explanation for 
these biological differences is one of bacterial dis- 
sociation. It is well known that avirulent 5'. albus 
colonies may occur as variants of S. aureus strains 
(12, 13). These non-pathogenic i". albus variants 
have been shown to be coagulase-negative by Pin- 
ner and Voldrich (13). Blair also observed that 
a small percentage of coagulase-positive strains 
will lose their ability to coagulate plasma over a 
period of several months (14). 

SUMMARY 

1. The coagulase test is the simplest and most 
reliable method for differentiating pathogenic 
from non-pathogenic strains of staphylococci. 

2. Coagulase-positive strains of staphylococci 
resist the bactericidal action of human defibrinated 
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blood ; whereas, coagulase-negative strains are 
killed in large numbers, with only two exceptions 
in a study of 70 strains. 

3. The terms “pathogenic” and “non-patho- 
genic”, based on the results of the coagulase test, 
are relative since coagulase-negative strains on 
rare occasions may result in fatal infections. Two 
instances of subacute bacterial endocarditis are 
recorded to illustrate this. 

4. Repeated subcultures of coagulase-positive 
strains may result in coagulase-negative strains. 
The reverse of this also occurs. Both phenomena 
are probably explained on the basis of bacterial 
dissociation. 
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In a previous communication, Newburgh and 
his associates (1) proposed a method for calcu- 
lating 24-hour heat production from I. W." rather 
than from I. L.,- since variations in respiratory 
quotient cause the relationship of I. W. to I. L. 
to vary from 85 to 100 per cent. However, in 
reviewing the literature recently, we were im- 
pressed with two characteristics of Levine and 
Marples’ (2) prediction curve which they ob- 
tained when they plotted 1. L. against heat pro- 
duction in 196 cases. These data were obtained 
by means of the Russel Sage calorimeter or with 
the respiration chamber at the New York Nursery 
and Child’s Hospital. The two characteristics 
were, first, the almost constant percentage of heat 
removed by vaporization of water throughout the 
whole course of the line and, second, that the 
origin of the line is not far from zero. 

Consequently, we decided to re-examine our 
own material to determine how closely heat pro- 
duction can be predicted from I. L. rather than 
from I. W. 

The smoothed curve of Levine and Marples is 
reproduced in Figure 1. We have plotted 34 of 
our own experiments with 10 normal adults ^ on 
this diagram. They consist of simultaneous de- 
terminations of I. L. and heat production for 24- 
hour periods in the respiration chamber. Further 
experiments on 11 additional subjects® were also 
included. Here we have used for the I. L. the 
average of many consecutive 24-hour periods. 
The average 24-hour heat production in this series 
was determined by feeding a carefully weighed 
constant diet that closely approached maintenance 

’^The expense of this study was defrayed in part by 
a grant from the Horace H. and Mary A. Rackham 
School of Graduate Studies. 

W. is an abbreviation for the weight of water 
vaporized from skin and lungs. I. L. is an abbreviation 
for the insensible loss of weight. 

® These details of the methods and the biological data 
may be found in earlier publications from this laboratory 
(1, 3, 4). 


as a result of preliminary trials. The 24-hour 
heat production was taken to be the energy of this 
diet, corrected for small changes in weight which 
occasionally occurred. In these experiments, the 
periods always exceeded one month. Further, it 
is important to note that these 11 subjects were 
leading their usual lives except that they were 
asked to avoid the feeling of chilliness or warmth 
by adjustment of clothing. Several single periods 
had to be excluded because these conditions could 
not be obtained. 

Inspection of Figure 1 reveals that only 4 of 
our 45 points fall outside of the ±15 per cent 
limits, even though the line has been extended 
from about 2,000 to 3,500 calories. The average 
percentage of heat lost by vaporization for these 
subjects was 24.7 per cent. The percentage of 
heat lost by vaporization is not quite constant 
throughout Levine and Marples’ line, as pointed 
out by Heller (5) who calculated that the per- 
centage at the lower end was 27.6 and at the 
upper end, 24.2. 

Since it .seems probable that a constant per- 
centage of heat is removed by vaporization of 
water throughout the whole range of environ- 
mental temperatures at which chilling and sweat- 
ing can be prevented, we decided to draw a line 
which begins at zero I. L. and zero heat and 
whose slope throughout represents a loss of 24.5 
per cent of total heat removed by vaporization. 
Since it is desired to express this relationship in 
terms of I. L. rather than as I. W., the latter 
needs to be converted to the former. 

Consideration of Levine and Marples’ predic- 
tion, where approximately 25 per cent of the heat 
was removed by vaporization of water, shows that 
close to 94 per cent of I. L. is water vapor. Fur- 
ther study of the data obtained in this labora- 
tory, from normal individuals existing on usual 
mixed diets, gives a value of 93 per cent. 

Hence our prediction line for normal human 
beings existing on usual mixed diets has also been 
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Fig. 1. Reproduction of Levine and Marples (2) Smoothed Curve on Which We Have Placed Our Own Data 
Levine and J^arpl^s values are represented by O for infants, • for children and □ for adults. Our own data 
are represented by O for simultaneous determination of I.L. and indirect calorimetry for 24 hours; and by A for I. 
L». snd hc^t production calculated from diet and change in weight. 


constructed so that I. W, is 93.5 per cent of I. L. 
(Figure 2, line A). 

In Figure 2 also we have reproduced lines 
from several publications for purposes of com- 
parison with our own prediction line. It will be 
seen that the smoothed curve of Levine and 
Marples (line B) is almost identical with ours 
(line A). It departs slightly at the lower end 
and this may well be due to the difficulty of 
dealing with infants. The data gathered by 
Ginandes and Topper (6), using children 4 to 15 
years of age, are represented by line C. The 
I, L. was determined for periods of 2 to 3 hours 
and the heat production, by the Benedict-Roth 
apparatus, before or after the weighings. Their 
line is significantly below ours. This suggests that 


the I. L.s are somewhat high, due to restlessness 
on the part of children expected to remain per- 
fectly quiet for so long a time. Had the heat 
production been determined in the middle of the 
weighings, higher values might have been re- 
corded. On the other hand, Levine and Marples 
were able to obtain simultaneous records of L L. 
and heat production. 

Line D represents the prediction proposed by 
Benedict and Root (7) ; Jores’ (8) data follow 
the same line. Here the percentage of heat lost 
by vaporization of water is not constant. It is 
21.9 per cent at the lower end and 32.5 at the 
upper end. Furthermore, if one projects the 
curve downward, at 493 calories the I. L. would 
be zero. Perhaps this situation is attributable to 
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the use of emaciated diabetics for low heat pro- 
ductions and of hyperthyroids for large heat pro- 
ductions. Furthermore, the I. L. was determined 
from 10 to 15 minute periods. Wiley and New- 
burgh (9) found that short periods gave irregular 
results even when trained normal subjects were 
employed. Jores followed the procedure pro- 
posed by Benedict and Root and his series also 
included a large amount of pathological material. 
The same criticism applies to the data of Laszlo 
and Schurmeyer (10) and to those of Heller (5). 


However, Heller and Schwartz (11) analyzed 
1936 cases studied in the respiration calorimeter 
taken from the early experiments of Atwater, 
followed by those of Benedict and of DuBois. 
They dealt with subjects in the basal state, with 
others after food, and with a third group during 
work. Heat productions beyond 4,000 calories 
were excluded. They derived an equation for 
the lines representing each of the three groups. 
When I. L. is plotted against heat there is a 
marked difference in the slope of each of the 



10 20 30 40 50 60 TO 

INSENSIBLE LOSS - GRAMS PER HOOR 

Fig. 2 


Line A was constructed so that it represents a loss of 24.5 per cent of the heat by vaporization of 
water and so that X 100 = 93J. Broken line B, Levine and Marples’ (2) smoothed curve. Line 
C, Ginandes and Topper (6). Line D, Benedict and Root (7). 
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TABLE r 

Comparison of heat production calculated from I. W. and from I.L. with 
that determined by indirect calorimetry for 24 hour periods 





Heat production 


Date 

Subject 

I.L. 

Indirect 

From I.L. 

Heat lost by 
vaporization 











calorimetry 

! 

Calories 

M.M.i 

Difference 

columns 

4 and 5 

Calorics 
I.L. XS3> 

Difference 

columns 

4 and 7 




grams i>er 
hour 



Per cent 


per cent 

per uni 
of told 

1935 








January 14 

B.deV. 

31.5 

1772 

1634 

-7.7 

1670 

-5.3 

24.2 

February 24 

B.deV 

30.9 

1729 

1696 

-1.9 

1640 

-5.2 

24.S 

March 24 

B.deV. 

34. 

2059 

1827 

-11.3 

1804 

-12.4 

23.2 

March 31 

B.deV. 

36. 

2065 

1928 

-6.5 

1908 

-7.6 

22.6 

November 24 

B.deV. 

34. 

1929 

1755 

-9.0 

1804 

-6.5 

23.7 

November 28 

B.deV. 

33.6 

1828 

1725 

-5.6 

1780 

-2.6 

23.3 

December 8 

B.deV. 

37. 

1925 

2035 

-PS.4 

1960 

+1.8 

25.4 

December 23 

B.deV. 

41. 

2242 

2134 

-4.7 

2172 

-3.1 

23.7 

1936 







February 2 

B.deV. 

39.7 

2079 

2054 

-1.2 

2105 

+ 1,3 

24.6 

February 4 

B.deV. 

45.7 

2430 

2531 

-f4.2 

2420 

-0,4 

24.4 

February 28 

McQ. 

31.5 

1567 

1743 

-M1.2 

1670 

+6.6 

27.7 

March 21 
1935 
April 22 

McQ. 

28. 

1725 

1537 

-10.9 

1485 

-13.9 

23.4 

W.M. 

38.5 

2124 

2124 

±0.0 

2040 

-3.9 

26.0 

December 26 

W.M. 

46.5 

2486 

2596 

+4.2 

2465 

-0.8 

26.0 

1936 







26.7 

January 2 

W.M. 

45.9 

2346 

2434 

4-3.8 

2432 

+3.7 

January 12 

W.M. 

46.8 

2501 

2493 

-0.3 

2480 

-0.8 

25,0 

1935 








27.6 

October 10 

J.S. 

39.7 

1935 

2196 

4-13.5 

2103 j 

+8.7 

November 6 

J.S. 

37.8 

1987 

2059 

4-3.1 

2002 

+0.8 

26.6 

November 12 

J.S. 

36.2 

1889 

1876 

-0.7 

1909 

1 +1.1 

25.1 

November 19 

J.S. 

35. 

1924 

1808 

-6.0 

1855 

-7.5 

23.7 

November 21 

R.L.G. 

45.2 

2110 

2387 

+ 13.1 

2398 

+ 13.6 

28.5 

December 5 

R.L.G. 

45. 

2215 

2344 

+5.8 

2382 

+7.5 

27.2 

December 12 

R.L.G. 

42.3 

2054 

2358 

+ 14.8 

2240 

+9.0 

28.8 

December 19 

R.L.G. 

42.3 

2229 

2353 

+5.6 

2240 

+0.5 

26.4 

1936 







29.8 

25.1 

January 30 

R.L.G. 

47.4 

2070 

2461 

+ 18.9 

2510 

+21.2 

March 4 

H.A. 

34.9 

1852 

1844 

-0.4 

1850 

-0.1 

February 9 

L.W.P. 

33.7 

1743 

1853 

+6.6 

1786 

+2.5 

25.5 

24.8 

March 1 

L.W.P. 

30.3 

1656 

1658 

+0.1 

1593 

-3.8 

January IS 

M.B. 

28. 

1343 

1539 

+ 14.6 

1485 

+10.6 

27.3 

22.7 

23.4 

25.7 

27.0 

21.2 

January 22 

M.B. 

24.5 

1415 

1348 

-4.7 

1298 

-8.3 

January 19 

O.M. 

30.1 

1594 

1486 

-6.0 

1595 

+0.0 

January 24 

O.M. 

32.4 

1654 

1656 

+0.1 

1716 

+3.7 

February 18 
February 26 

D.R. 

D.R. 

29. 

23. 

1441 

1447 

1586 

1252 

+ 10.8 
-13.4 

1536 

1219 

-i-6,6 

-15.7 


rial dealt with by Levine and Marples consisted of 
observations lasting only several hours. While 
we are convinced that periods of 10 to 20 minutes 
give irregular results, it is probable that the 
method is applicable to periods much shorter than 
24 hours. 

As in all methods, it is essential to guard against 
certain errors. In this case it is especially im- 

9 Fifty -three is the factor obtained from line A, Figure 
3, by dividing 24-hour calories by the corresponding 
hourly I. L. at any point. 


portant to train the subject to maintain himse 
in a comfortable state without feeling cool or 
warm. Since the sweating mechanism becomes 
active at only a few degrees above the environ 
mental temperature at which most individuals are 
comfortable, it is important not to allow the room 
temperature to rise above 72 ° F. In order to 
know that the subject is trained, it is desirable to 
insist upon uniform activity during the training 
period. When under these circumstances con- 
sistent I. L.s are obtained, one has evidence that 
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TABLE II 


Comparison leixcun heat calculated from I. L. and heal 
production determined from the calories of the diet 
corrected for change in weight 




Heat production 

1 Difference 

Eabject 

IX. 

From 

did 

I.L. XS3 

1.L.XS7II 

Col- 

umns 

Col- 

umns 





j 3 and 4 

3 and 5 


; frumi 
pfr 
hour 




per 

per 





\ uni 

cent 

F.D.T.” 

51.S 

2950 

2730 

2936 

-7.5 

-0.5 

G.G.“ 

30.5 

1766 

1615 

1739 

-8.5 

-1.5 

T.M.» 

43.1 

2500 

2285 

2457 

-8.6 

-1.7 

R.S. 

57.1 

2960 

3030 { 


+2.4 


B.deV. 

50.8 

2664 

2690 


+1.0 


F.H.W. 

54.3 

2947 

2878 


-2.3 


F.H.W. 

60.6 

3082 

3212 


+4.2 


A.W. 

68.4 

3570 

3625 

1 

+ LS 


R.L.G. 

68.0 

3550 

3540 

1 

+2.51 


M.P. 

63.5 

3425 

3365 

1 

-l.s! 


M.W. 

60.4 

3210 

3200 


-0.3 



the technique is satisfactory. It appears to be 
true that the tendency to lose 24.5 per cent of the 
heat by vaporization of water does not exhibit the 
constancy that is shown by internal temperature. 
Hence a single period may not follow the rule 
and consequently reliable prediction of heat from 
I. L. can be made only when the average I. L. of 
a series of determinations is used as the basis of 
calculation. 

We have dealt primarily with normal adults. 
Whether the method is valuable in the study of 
disease remains to be decided by future work. 

SUMMARY 

Twenty-four hour heat production can be satis- 

Diabetic subjects on low carbohydrate diets. 

^^Fifty-seven is the factor (I. W. = I. L.), used for 
low carbohydrate plans. 


factorily predicted from the insensible loss of 
weight. Factors have been derived for use in 
accordance ivith the type of diet fed. 
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Earlier studies from this laboratory (1, 2, 3) 
have shomi that the intravenous administration of 
500 to 1S(X) cc. of fluids, at rates ranging from 9 
to 125 cc. per minute, results in appreciable in- 
creases in plasma and blood volumes. Significant 
changes in cardiorascular dynamics did not occur 
at rates of injection under 20 cc. per minute; 
administration of fluids intravenousl}' at faster 
rates resulted in rises in venous pressure and car- 
diac output, slight increases in pulse rate and 
pulse pressure, and, in some experiments, accel- 
eration of the velocity of blood flow. Acceleration 
of blood flow usually occurred (2) when 500 to 
600 cc. of fluid were given intravenously, at rates 
of 20 to 30 cc. per minute; infusions given in 
larger volume or at more rapid rates caused un- 
expectedly small increases, or even transitory de- 
creases, in the velocity of blood flow. It was 
therefore believed that transitory increase in the 
amount of blood in the lungs may have occurred 
under these circumstances. Studies of respiratory 
dynamics were made (2) in several patients who 
received 400 to 1000 cc. of fluid intravenously, at 
rates of between 11 and 36 cc. per minute; no 
changes were found in respiratory rate or minute 
volume, tidal air, or vital capacity. However, it 
was apparent that additional studies of respiratory 
dynamics should be made after larger infusions, 
given more rapidly ; accordingly, measurements of 
respiratory dynamics and of the various subdivi- 
sions of the lung volume have been made in sub- 
jects receiving 1800 cc. of fluid intravenously, at 
rates of beUveen 39 and 185 cc. per minute. 

MATERIAL AND METHODS 

Six subjects, ranging in age from 18 to 44 years, were 
used in this study; one (case S) was female. None had 
evidence of any abnormalit>- of the cardiovascular or 
respiratory s 3 'steras. All received 1800 cc. of isotonic 
saline solution intravenously, at rates ranging between 
39 and 185 cc. per minute. The subdivisions of the lung 


volume were estimated by the method of Christie (4), 
slightly modified (5), the respiratory dynamics being 
measured at the same time. Duplicate studies of these 
pulmonary functions and estimations of the hematocrit 
and plasma protein were made before the infusion and 
again at the end of injection. The first of the measure- 
ments of lung volume, after infusion, was completed as 
the infusion ended or within three minutes thereafter. 
Immediately following this, the reserve and complemental 
airs were measured and then the second of the post- 
infusion estimations of the lung volume was made. The 
hematocrit and plasma protein concentration were meas- 
ured as in previous studies (1, 2, 3). Calculations of 
the changes in blood volume were based on methods 
previously described (1). 

OBSERVATIONS 

The ftmctioml residual and residual airs before 
and after the injection of fluids showed no dif- 
ferences outside the limits of error of the method 
used (Table I). 

The changes in the other components of the 
total lung volume and in the total lung volume 
itself were in most instances only slight and fre- 
quently well within the limits of error of the 
method. However, there was a consistency in the 
changes which demonstrated a tendency toward a 
decrease (Table I), as is evident from the fol- 
lowing resume. The reserve air was diminished 
in all instances after injection, the decreases rang- 
ing beriveen 30 and 240 cc., or 2.5 and 26.8 per 
cent of the original volumes. The average de- 
crease was 98 cc. or 10.9 per cent. The complc- 
vtenlal air was diminished in all instances after 
injection, the decreases ranging between 40 and 
360 cc., or 1.0 and 12,3 per cent of the original 
volumes. The average decrease was 198 cc. or 
6.6 per cent. The vital capacity was diminished 
in all instances after injection, the decreases rang- 
ing between 105 and 600 cc., or 2.1 to 14.3 per 
cent of the original volumes. The average de- 
crease was 296 cc. or 7.4 per cent. The lung 
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TABLE I 

Effects of intravcuous hifusious on blood and lung volumes and respiratory dynamics 


Case 

Rate of 
injection 

Venous 

pressure 

Hematocrit 

Serum 

protein 

Plasma 

volume 

Blood 

volume 

Functional 
residual air 

Residual air 

Reserve air 

Comple- 
mental air 

V^tal 

capacity 

Total 

capacity 

Tidal air 

Respirations 

Respiratory 

volume 

Oxygen 

consumption 

Remarks 

1 

cc. per 
minute 

39 

cm. 

7.6 

11.6 

per cent 

43.6 

38.0 

gratns 
per cent 

6.76 

5.69 

1 


1 

cc. 

2550 

2680 

cc. 

1110 

990 

CC, 

3925 

3885 

cc. 

5035 

4875 

CC, 

7585 

7515 

CC. 

675 

655 

per 

minute 

11 

11.5 

liters 

Per 

minute 

7.43 

7.53 

cc. per 
minute 

305 

279 

Before 

After 

2 

54.6 

5.0 

42.0 

6.38 


4450 

2185 


755 

2775 


4960 

785 

ra 

ra 

204 

Before 



10.1 

37.6 

5.21 


5070 



675 


3255 

4810 

615 

ra 

ra 

182 

After 

3 

68 

m 

46.2 

7.46 



3940 

2760 

1180 

3925 


7805 

475 

15 

7.10 

286 

Before 



m 

42.0 

6.59 

m 

6140 

3800 

2650 

1150 


Iffi 

7650 

435 

16 

6.98 

310 

After 

4 

92 

3.0 

44.6 

7.55 


4750 

2360 

1465 

895 

3295 

4190 

5635 

435 

16 

6.96 

245 

Before 



10.0 


6.42 

i||^ 


2140 

1485 

655 

2935 

3590 

5095 

395 

19.5 

7.70 

242 

After 

5 

180 

9.0 

41.2 

6.11 


4200 

m 

1195 


1945 

2460 

3675 

515 

14.5 

7.47 

239 

Before 



13.5 

33.8 

4.56 


5000 

n 

1340 

im 

1705 

2180 

3520 

480 

15 

7.14 

224 

After 

6 

185 

7.2 

44.2 

6.86 

3570 


2595 

1445 


4160 

5310 

6755 

435 

18 

7.83 

319 

Before 



12.3 

40.0 

5.83 



2495 

1425 

IQ 

3885 

4955 

6380 

485 

17.5 

8.49 

337 

After 


volume was diminished in all instances, the de- 
creases ranging between 70 and 540 cc., or 0.9 
and 9.6 per cent of the original volumes. The 
average decrease was 241 cc. or 4.2 per cent. 

The respiratory minute volume increased sig- 
nificantly after the infusion in three of the six 
experiments, being essentially unchanged in the 
other three. The increases in respiratory minute 
volume were due in two instances to increases in 
respiratory rate and in one, to augmented tidal air 
volume. In five of the six experiments, the vol- 
ume of the tidal air was somewhat diminished. 

The above described changes in the pulmonary 
dynamics and subdivisions of the total lung volume 
were still detectable 40 minutes after the end of 
infusion, 

DISCUSSION 

Earlier studies (2) have shown that intravenous 
infusions of 400 to 1000 cc. of fluid, at rates 
between 11 and 36 cc. per minute, resulted in no 
change in vital capacity, respiratory rate, or minute 
volume. Richards et al. (6) observed slight de- 
creases in vital capacity in normal subjects after 
infusions of 1500 cc. of isotonic sodium chloride 
solution at 50 cc. per minute ; these decreases were 
never greater than 8 per cent of the initial vital 
capacity. In the present study, the three subjects 


who received 1800 cc. of fluid, at rates of 39 to 
55 cc. per minute, showed changes within this 
limit ; two of the three receiving the fluid at 90 
to 185 cc. per minute showed only slightly greater 
decreases in vital capacity (Table I). The two 
components of the vital capacity, i.e., the reserve 
and complemental airs, showed approximately the 
same degree of change following infusion. Since 
the residual air did not change, it is clear that the 
slight decreases observed in total lung volume 
were due to diminution of the vital capacity. In 
general, the changes in the total lung volume an 
its various subdivisions were too small to be con 
sidered physiologically significant. 

Congestive failure results in a relative increase 
in residual and functional residual air volumes as 
compared to total lung volume (7). In the pres 
ent study changes in the ratios between functiona 
residual and residual air volumes and the tota 
lung volume were small and not consistently 
the same direction (Table II). It is clear, t ere 
fore, that large intravenous infusions, given 
rapid rates in normal subjects, do not pro uc 
the typical pulmonary signs of congestive fai ure. 
None of the subjects developed dyspnea, orthop- 
nea, cough or other symptoms, nor were ra 
audible over the chest. Studies in animals cor- 
roborate this conclusion. Warthen (8) gave dogs 
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weighing 6.7 to 26.5 kgni., 900 to 2600 cc. of 
fluids intravenously at rates of 29 to 169 cc. per 
minute without producing pulmonary edema. One 
animal, weighing 9.4 kgm., developed pulmonary 
edema after receiving 3700 cc. in 35 minutes. 
Cohnheim and Lichtheim (9) found that rabbits 
might develop edema of the lungs after receiving 
intravenous infusions equivalent to approximately 
half their bodj' weight ; in dogs, pulmonary edema 
only rarely developed after the intravenous admin- 
istration of fluids equivalent to as much as 90 per 
cent of their body weight. The slowing of blood 
flow previously noted (2) and the slight decreases 
in vital capacity observ'ed in the present study and 
by Richards ct al. (6) after large, rapidly admin- 
istered intravenous infusions are to be ascribed to 
a minor degree of pulmonary vasodilatation, asso- 
ciated with increased total blood volume resulting 
from the infusions. 

Evidences of speed shock (10) were not ob- 
served in these or previous studies in which fluid 
was given intravenously at rapid rates. It is not 
to be concluded, however, that the rapid admin- 
istration of large intravenous infusions is like- 
wise without deleterious effect in individuals who 
are not normal. Richards et al. (6) reported a 
marked decrease in vital capacity, dyspnea, and 
the appearance of rales in the lungs, after such 
infusions in cardiac patients; patients with var- 
ious forms of pulmonary disease also exhibited 
marked diminution in the vital capacity (6, 11). 
In our own clinical experience, patients with 
severe ureipic acidosis develop signs and symptoms 
of pulmonary congestion and edema consistently 
with intravenous infusions of relatively small 
amounts of .fluid given at rates as low as 10 cc. 
per minute or slower. Experiments in animals 


TABLE II 

Effect of intravenous infusions on ratio of functional 
residual and residual air volumes to total lung volume 



Functional residual air , , - 

Residual air 

Case 

1 Total lung volume 

Total lung volume 


Before 

After 

Before 

After 

1 

48.3 

48.3 

33.6 

35.7 

2 

44.0 

46.4 

28.8 

32.3 

3 

50.4 

49.7 

35.4 

34.6 

4 

42.6 

42.0 

26.0 

29.2 

5 , 

46.5 

51.6 

32.5 

38.1 

6 

48.4 

49.1 

21.4 

22.3 


afford similar data. Kraus (12), Brunn (13) and 
Farber (14) have described increased suscepti- 
bility to pulmonary edema in animals following 
bilateral vagotomy. Farber found that whereas 
intact rabbits showed no pulmonary edema after 
intravenous infusions of 250 to 400 cc. of isotonic 
sodium chloride solution at rates of 30 to 40 cc. 
per minute, bilaterally vagotomized animals de- 
veloped severe edema of the lungs after receiving 
smaller volumes at slower rates. The fact that 
changes in pulmonary dynamics and lung volume 
following rapid intravenous injections of large 
volumes of fluid in normal subjects were at most 
only slight, in no way alters the clinical concept 
that when it is necessary to administer fluids 
intravenously in patients with a tendency toward 
pulmonary congestion and edema because of car- 
diac, pulmonary, central nervous system, or renal 
disease, these infusions should be given at slower 
rates and with caution. 

SUMMARY AND CONCLUSIONS 

1. Studies of the effect of the injection of 
fluids intravenously on the subdivisions of the 
lung volume and on the respiratory dynamics have 
been made in six normal subjects. 

2. Injection intravenously of 1800 cc. of iso- 
tonic sodium chloride solution, at rates of 39 to 
185 cc. per minute, in these normal subjects caused 
no change in residual air, and only slight decreases 
in the vital capacity, its components, the reserve 
and complemental airs, and in the total lung vol- 
ume. The respiratory minute volume showed no 
consistent change, although the tidal air was usu- 
ally decreased. All the changes in pulmonaiy 
function found after intravenous infusions in 
these normal subjects were insignificant. 

3. The slight decreases in vital capacity, its 
components, and the total lung volume, after these 
massive intravenous infusions at rapid rates in 
these normal subjects, are interpreted as due to 
slight pulmonary vasodilatation associated with 
temporarily increased blood volume. 

4. The fact that changes in pulmonary dynamics 
and lung volume, following rapid intravenous in- 
jections of large volumes of fluid in normal sub- 
jects, were at most only slight, in no way alters 
the clinical concept that when it is necessar)’ to 
administer fluids intravenously in patients with a 
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tendency toward pulmonary congestion and edema, 
because of cardiac, pulmonary, central nervous 
system, or renal disease, these infusions should 
be given at slower rates and with caution. 
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The use of inulin for the measurement of 
glomerular filtration in man was introduced in 
1934 (1). It was subsequently observed that 
some samples of inulin may be heavily contam- 
inated with a pyrogenic substance (2, 3), probably 
of bacterial origin, which induces, in addition to 
the commonly observed chill and fever, a marked 
renal hj-peremia (4, 5, 6) and, particularly in 
hypertensive subjects, a fall in blood pressure. A 
suitable course of amidopyrine, administered prior 
to the injection of pyrogenic inulin, prevents the 
occurrence of the chill and fever without pre- 
venting the renal hyperemia (5, 7) and fall in 
blood pressure. It has been our experience that 
renal hyperemia and reduction of blood pressure 
also follow the intravenous administration of 
other pyrogenic substances, such as glucose, dis- 
tilled water (with salt) , and commercial saline, as 
well as triple typhoid vaccine, and it seems prob- 
able that the physiological response is generic. 

In the theory that renal ischemia is the primary 
causal factor in the genesis of hypertension, it 
would be supposed that the repeated induction of 
renal hyperemia might have a favorable effect 
upon the hypertensive process. With the intent 
of examining this point, we repeatedly adminis- 
tered pyrogenic inulin to several hypertensive 
patients for a period of some days or weeks; a 
sustained reduction in blood pressure was in fact 
obtained, but the type of blood pressure response, 
coupled with other information reported below, 
has led us to conclude that the hypotensive action 
of pyrogenic inulin, as of the other pyrogens dis- 
cussed in this paper, does not represent a funda- 
mental correction of the hypertensive process but 
rather a complex response on the part of the dr- 
culatory system. Since pyrogens are a frequent 
contaminant of materials of organic origin in- 
tended for parenteral administration, we feel that 
the observations reported below may have some 


practical value, in addition to their inherent physi- 
ological interest. 

Some of the observations recorded here are 
drawn from our general experience, but the paper 
is primarily concerned with special observations 
made on nine subjects, eight with essential hyper- 
tension and one with chronic diffuse glomerulo- 
nephritis. These subjects were selected from the 
Nephritis and H 3 'pertension Qinic of the New 
York University College Qinic and - the Third 
(New York Universit}') Medical Division of Bel- 
le^aie Hospital. YTrile in the hospital they were 
confined to bed rest for a period of ten to twenty 
days, until the blood pressure, which w'as deter- 
mined by the auscultatory method at frequent in- 
tervals throughout the day, had become stabilized. 
Three subjects (M. G., F. T., R. L. in 1939) 
received pyrogenic inulin intravenously, and four 
subjects (F. K., 1939, P. K., il. T. and S. D., 
1941) received triple typhoid vaccine intrave- 
nously. While this study was in progress, the 
effect of subcutaneous injections of tyrosinase (8, 
9, 10) on renal blood flow and blood pressure was 
being studied in three hypertensive subjects (A. B., 
M. T. and F. T.), and since all three exhibited a 
febrile reaction during treatment, they are in- 
cluded in this report. We are also including 
observations on the blood pressure in one subject 
(K. S.) who developed a febrile reaction follow'- 
ing cystoscopic examination. 

PYROGENIC INULIN 

\^Tlat we consider to be a fairly typical picture 
of the immediate blood pressure response to a 
single dose of pjTogen (Pfanstiehl inulin, lot no. 
268) in a hypertensive subject is illustrated by 
R. L., as shown in Figure 1. This patient was 
one who received repeated treatment with pyro- 
genic inulin, but only the first two occasions are 
illustrated. On the first occasion, as shown in 
Figure 1, the renal blood flow u-as followed by 


369 


"Aided by a grant from the Commonwealth Fund. 



370 


HERBERT CHASIS, WILLIAM GOLDRING, AND HOMER W. SMITH 



Fig. 1. Hypotensive Effect of Pyrogenic Inulin Administered Intravenously to a Hypertensive Sub- 
ject, With and Without Premedication with Amidopyrine 
The renal plasma flow was followed on the first occasion only, but it is fairly reproducible in respect to time 
and consequently has been interpolated in the lower graph. Note the very low pressure period which follows long 
after renal hyperemia is over. This subject never developed a marked fever under continued treatment. 


means of the clearance method; as reported else- 
where (4, 5), a latent period of sixty to ninety 
minutes supervenes before the development of 
renal hyperemia. Renal clearances were not fol- 
lowed on the second occasion, but we have indi- 
cated the probable time of appearance and dura- 
tion, as judged from our experience with other 
patients. 

The blood pressure response in patients not 
premedicated with amidopyrine usually shows 
three more or less distinct phases: (a) a fleeting 
pressor phase, which appears from sixty to ninety 
minutes after pyrogen injection (see Figure 1 
bottom, and also Figure 6 of Chasis et al. (4) 


and Figure 4 of Smith (5)) ; (b) a phase charac- 
terized by a moderate fall in diastolic and systo ic 
pressures, but with a well maintained pulse 
sure, which immediately follows (a) arid 
cides roughly with renal hyperemia; and (r) ^ 
low pressure phase characterized by marked re 
duction in both systolic and diastolic pressures 
and a shallow pulse pressure, which appears four 
to six hours after the injection of pyrogen an 
which may last for several hours. The degree o 
blood pressure reduction in this delayed phase is 
highly variable, the phenomenon being slight or 
absent in normal subjects. _ . 

As shown in Figure 1, premedication 'Vit 
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amidopj'rine (0.6 grams every four hours for five 
doses) blocks the pressor phase (a) and the rise 
in body temperature, but it docs not block the 
renal hyperemia and the simultaneous changes in 
blood pressure described under (6), nor the de- 
la 3 'ed extreme reduction in blood pressure (c). 
With or without amidopyrine, the delayed reduc- 
tion in blood pressure (c) may be so prolonged 
tliat the pressure is still at reduced levels the next 
morning. 

By the repeated administration of moderate 
amounts of pj-rogen daily, the blood pressure in 
h}’pertensive subjects can be maintained at re- 
duced levels. Figure 2A (M. G.) shows the 
effects of daily administration of pyrogenic inulin. 
This patient received treatment during two pe- 
riods of twelve and eleven days respectively, each 
injection (50 mgm. to 300 mgm. inulin lot no. 
268) being followed by a febrile reaction. During 
the administration of pyrogen, the daily average 
blood pressure (six or more readings exclusive of 
the pressor phase) remained at significantly lower 
levels than during the control period, and the 
hypotensive effect persisted for the twelve days of 
observation following the last injection. To what 
extent the maintained reduction in blood pressure 
is attributable to the persistence of the more acute 
hypotensive action described under (c), or to 
other and unknown factors, cannot be said. 

In two other patients, a similar sustained re- 
duction in blood pressure was produced by the 
repeated intravenous administration of pyrogenic 
inulin. In none of these was there evidence of 
immediate or delayed (t^vo years) injurious ef- 
fect, as discoverable by repeated urinalyses and 
renal clearance tests. 

TRIPLE TYPHOID VACCINE 

Figure 2B (F. K.) shows the effect on the 
blood pressure of repeated administration of triple 
typhoid vaccine intravenously. Sixteen injections 
(0.05 to 5.5 cc. of New York City Department 
of Health standard vaccine) were given over a 
period of thirty-eight days, each injection being 
followed by a febrile reaction. The blood pres- 
sure fell markedly following the first injection 
and was maintained at a low level throughout the 
period of treatment. 

Two other hypertensive subjects were given 


triple typhoid vaccine intravenously. P. K. was 
treated daily for eleven days with a sustained 
hypotensive effect. The results are similar to 
those obtained on F. K. and need not be illus- 
trated. 

Patient S. D. merits detailed discussion. She 
was a sixty-year-old white female whose hyper- 
tension had been discovered at the age 'of fifty- 
two. There w'as no history of diminution in car- 
diac reserve and no clinical evidence of congestive 
heart failure. Examination of the occular fundi 
showed in moderate degree the vascular changes 
associated with hypertension. The blood pressure 
ranged from 244/136 to 164/110 mm. Hg during 
a ten-day control period on bed rest. Proteinuria 
and hematuria were absent ; the specific gravity of 
the urine ranged from 1025 to 1005 ; the urea 
clearance was within the normal range and the 
blood non-protein nitrogen was 35 mgm. per cent. 
The administration of amidopyrine (0.6 grams 
every four hours for five doses) on the first day 
of premedication produced nausea and vomiting; 
triple typhoid vaccine (0.02 cc.) was nevertheless 
given intravenously on the second day and in- 
duced a reaction consisting of severe bilateral 
lumbar pain and pain in left anterior chest. The 
rectal temperature remained at 98.8° F. and the 
blood pressure level did not change. Amido- 
pyrine was continued during the third day, but 
no vaccine was given. Amidopyrine was con- 
tinued for the fourth day and triple typhoid vac- 
cine again was withheld ; the nausea and vomiting 
had now subsided and the patient ivas comfort- 
able. On the fifth day, still continuing amido- 
pyrine, the intravenous administration of vaccine 
(0.05 cc.) was followed in one hour by violent 
throbbing lumbar pain and vomiting, and three 
hours after the injection the patient went into 
peripheral circulatory failure and became uncon- 
scious. The blood pressure fell to 80/52 mm. 
Hg, the heart rate remaining at 78 to 86 through- 
out the reaction. The patient recovered con- 
sciousness in half an hour, the blood pressure 
rising to 130/76, only to fall again in seven hours 
from the injection to 70/50, with relapse into 
unconsciousness, accompanied by pallor and sweat- 
ing. Consciousness was shortly recovered and in 
an hour the circulatory status had improved. The 
patient fully recovered from the episode, and in 
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Fig, 1. Hypotensive Effect of Pyrogenic Inulin Administered Intravenously to a Hypertensive Sub- 
ject, With and Without Premedication with Amidopyrine 
The renal plasma flow was followed on the first occasion only, but it is fairly reproducible in respect to time 
and consequently has been interpolated in the lower graph. Note the very low pressure period which follows ong 
after renal hyperemia is over. This subject never developed a marked fever under continued treatment. 


means of the clearance method; as reported else- 
where (4, 5), a latent period of sixty to ninety 
minutes supervenes before the development of 
renal hyperemia. Renal clearances were not fol- 
lowed on the second occasion, but we have indi- 
cated the probable time of appearance and dura- 
tion, as judged from our experience with other 
patients. 

The blood pressure response in patients not 
premedicated with amidopyrine usually shows 
three more or less distinct phases: (a) a fleeting 
pressor phase, which appears from sixty to ninety 
minutes after pyrogen injection (see Figure 1 
bottom, and also Figure 6 of Chasis et al. (4) 


and Figure 4 of Smith (5)) ; (b) a phase charac- 
terized by a moderate fall in diastolic and systo ic 
pressures, but with a well maintained pulse pres 
sure, which immediately follows (a) and coin 
cides roughly with renal hyperemia; and (c) ^ 
low pressure phase characterized by marked re 
duction in both systolic and diastolic pressures 
and a shallow pulse pressure, which appears four 
to six hours after the injection of pyrogen an 
which may last for several hours. The degree o 
blood pressure reduction in this delayed phase is 
highly variable, the phenomenon being slight or 
absent in normal subjects. _ 

As shown in Figure 1, premedication wi 
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amidopyrine (0.6 grams every four hours for five 
doses) blocks the pressor phase (a) and the rise 
in body temperature, but it does not block the 
renal hyperemia and the simultaneous changes in 
blood pressure described under (&), nor the de- 
layed extreme reduction in blood pressure (c). 
With or without amidopyrine, the delayed reduc- 
tion in blood pressure (c) may be so prolonged 
that the pressure is still at reduced levels the next 
morning. 

By the repeated administration of moderate 
amounts of pyrogen dailj', the blood pressure in 
hjpertensive subjects can be maintained at re- 
duced levels. Figure 2A (M. G.) shows the 
effects of daily administration of pyrogenic inulin. 
This patient received treatment during two pe- 
riods of twelve and eleven days respectively, each 
injection (50 mgm. to 300 mgm. inulin lot no. 
268) being followed by a febrile reaction. During 
the administration of pyrogen, the daily average 
blood pressure (six or more readings exclusive of 
the pressor phase) remained at significantly lower 
levels than during the control period, and the 
hypotensive effect persisted for the hvelve days of 
observation following the last injection. To what 
extent the maintained reduction in blood pressure 
is attributable to the persistence of the more acute 
hypotensive action described under (c), or to 
other and unknown factors, cannot be said. 

In two other patients, a similar sustained re- 
duction in blood pressure was produced by the 
repeated intravenous administration of pyrogenic 
inulin. In none of these was there evidence of 
immediate or delayed (two years) injurious ef- 
fect, as discoverable by repeated urinalyses and 
renal clearance tests. 

triple typhoid VACCINE 

Figure 2B (F. K.) shows the effect on the 
blood pressure of repeated administration of triple 
typhoid vaccine intravenously. Sixteen injections 
(0.05 to 5.5 cc. of New York City Department 
of Health standard vaccine) were given over a 
period of thirty-eight days, each injection being 
followed by a febrile reaction. The blood pres- 
sure fell markedly following the first injection 
and was maintained at a low level throughout the 
period of treatment. 

Two other hypertensive subjects were given 


triple typhoid vaccine intravenously. P. K. was 
treated daily for eleven days with a sustained 
hj'potensive effect. The results are similar to 
those obtained on F, K. and need not be illus- 
trated. 

Patient S. D, merits detailed discussion. She 
was a sixty-year-old white female whose hyper- 
tension had been discovered at the age of fifty- 
two. There was no history of diminution in car- 
diac reserve and no clinical evidence of congestive 
heart failure. Examination of the occular fundi 
showed in moderate degree the vascular changes 
associated with hj^pertension. The blood pressure 
ranged from 244/136 to 164/110 mm. Hg during 
a ten-day control period on bed rest. Proteinuria 
and hematuria were absent ; the specific gravity of 
the urine ranged from 1025 to 1005; the urea 
clearance was within the normal range and the 
blood non-protein nitrogen was 35 mgm. per cent. 
The administration of amidopyrine (0.6 grams 
every four hours for five doses) on the first day 
of premedication produced nausea and vomiting; 
triple typhoid vaccine (0.02 cc.) was nevertheless 
given intravenously on the second day and in- 
duced a reaction consisting of severe bilateral 
lumbar pain and pain in left anterior chest. The 
rectal temperature remained at 98.8° F. and the 
blood pressure level did not change. Amido- 
pyrine was continued during the third day, but 
no vaccine was given. Amidopyrine was con- 
tinued for the fourth day and triple typhoid vac- 
cine again was withheld ; the nausea and vomiting 
had now subsided and the patient was comfort- 
able. On the fifth day, still continuing amido- 
pyrine, the intravenous administration of vaccine 
(0.05 cc.) Avas folloAved in one hour by violent 
throbbing lumbar pain and vomiting, and three 
hours after the injection the patient went into 
peripheral circulatory failure and became uncon- 
scious. The blood pressure fell to 80/52 mm. 
Hg, the heart rate remaining at 78 to 86 through- 
out the reaction. The patient recovered con- 
sciousness in half an hour, the blood pressure 
rising to 130/76, only to fall again in seven hours 
from the injection to 70/50, ivith relapse into 
unconsciousness, accompanied by pallor and sweat- 
ing. Consciousness Avas shortly recovered and in 
an hour the circulatory status had improved. The 
patient fully recovered from the episode, and in 
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Fig. 2. Blood Pressure and Rectal Temperature in Subjects Receiving Pyrogenic Agents 
A. Prolonged hypotensive effect of repeated intravenous injections of pyrogenic inulin in a subject vitb 
essential hj-pertension. 
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three days the blood pressure had returned to the 
control level. 

Since amidopyrine was continued throughout 
treatment mthout ill-effects certainly attributable 
to this drug, and with recovery from nausea, and 
since the episode of circulatory failure followed 
the administration of triple tj'phoid vaccine, we 
believe that this patient illustrates an instance 
where the hypotensive action of pyrogenic mate- 
rial itself resulted in dangerous embarrassment of 
the circulatory sj’stem. It may be specially noted 
that there was no fever at any time during the 
five days of treatment. 

Ti'ROSINASE 

Tyrosinase was administered subcutaneously in 
the thigh to two subjects with essential hyper- 
tension (A. B., not illustrated, and M. T.), and 
to one subject (F. T.) in the hypertensive stz^e 
of chronic diffuse glomerulonephritis. In all three 
there developed, at the site of injection, local 
reactions varying from a localized area of pig- 
mented erythema to a widespread, edematous, 
tender, cellulitis-like area with inguinal adenop- 
athy. In all three subjects during the period of 
treatment there occurred persistent fever, asso- 
ciated with malaise, prostration, anorexia, dehy- 
dration, and loss of weight. 

Figure 2C records the effect of tyrosinase (1300 
to 7800 catacolase units) ^ on the blood pressure 
of subject F. T. The injections were given daily 
for twelve days. With the development of fever, 
the blood pressure fell to significantly lower levels 
and tended to return to the control level as the 
local reactions at the site of injection subsided 
and the body temperature returned to normal. 
(The second rise in temperature, after the injec- 
tions had been discontinued, was associated rvith 
continuing severe local reaction.) 

^Two weeks after the end of this therapy, the tyrosi- 
nase preparation had lost 40 per cent of its catacolase 
activity. The pH (7.3) had not changed. 

We are indebted to Dr. John M. Nelson of Columbia 
University for supplying the tyrosinase. 


Figure 2D shotvs the response of the subject 
(M. T.) with essential hypertension, who was 
treated on ttvo occasions: first, with tyrosinase 
(see F, T, for dosage) administered subcutane- 
ously'; and after a second control period in which 
the blood pressure had returned to its original 
hypertensive level, with triple typhoid vaccine (1.0 
to 3.0 cc,), administered intravenously, A hypo- 
tensive effect was produced on both occasions. 

In all three patients treated with tyrosinase, the 
blood pressure fell only after elevation of body 
temperature had occurred. 

POST-CYSTOSCOPIC REACTION 

Figure 3 (K. S.) shows the blood pressure 
response in a patient with essential hypertension 
during a post-cystoscopic febrile reaction. Five 
hours following cystoscopy the patient had a 
severe chill lasting for one-half hour, followed by 
a rise in body temperature which then remained 
constantly elevated. The blood pressure started to 
fall following the first chill and remained at a 
reduced level throughout the febrile period. The 



Fig. 3. 'Marked 'Fall ik Blood Pressure Asscoated 
WITH A Post-cystoscopic Febrile Reaction in a Sub- 
ject WITS Essential Hypertension 


B. Prolonged hypotensive effect of repeated intravenous injections of triple tj^phoid vaccine in a subject 
with essential hj^pertension. 

C. Prolonged hypotensive effect of repeated subcutaneous injections of tyrosinase in a subject in the hy- 
pertensive stage of chronic diffuse glomerulonephritis. 

D. Prolonged hypotensive effect of repeated subcutaneous injections of tyrosinase, followed by a second 
period of treatment with triple tjThoid vaccine, in a subject with essential hypertension. 
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patient did not show signs of circulatory inade- 
quacy during the hypotensive phase and had no 
subjective complaints after the fever had sub- 
sided. 

It is not uncommon for acute infectious febrile 
states to be accompanied by a fall in blood pres- 
sure in hypertensive subjects, a phenomenon 
which is generally recognized. The subject K. S. 
is reported here chiefly as a striking instance of 
this response, 

DISCUSSION 

The pyrogenic reaction, although it can be in- 
duced in all subjects, varies not only in its mani- 
festations but also in its severity in different sub- 
jects. Characteristically, it consists of a sensa- 
tion of chilliness or a severe chill, pulsating lumbar 
pain, headache, fever, and renal hyperemia, with 
the sequence of complex vasomotor responses 
briefly described earlier in this paper. In some 
individuals there may also occur nausea, vomiting, 
substernal pain, cyanosis, and, in occasional in- 
stances, peripheral circulatory failure. Premedica- 
tiori with amidopyrine blocks the chill, the pressor 
phase in the vasomotor response, the rise in body 
temperature, and all subjective symptoms except 
occasionally the pulsating lumbar pain, without 
blocking the renal hyperemia or the fall in blood 
pressure which, as represented by the second 
phase, coincides with the renal hyperemia, or as 
represented by the third phase, consists of a more 
severe hypotensive action, long outlasting the 
renal hyperemia. During this prolonged hypoten- 
sive action, the blood pressure may fall to alarm- 
ingly low levels; this phenomenon is, however, 
variable in its occurrence and severity, and cannot 
be predicted. 

Pyrogen itself is apparently not a depressor 
substance or vasodilator, since it has no perceptive 
immediate action on blood pressure, as determined 
by the auscultatory method, or on renal blood 
flow ; and a latent period of about ninety minutes 
typically intervenes before the blood pressure be- 
gins to fall. The vasomotor responses occurring 
in patients receiving pyrogen are undoubtedly 
complex, and also probably differ in normal and 
in hypertensive subjects.® The initial pressor 

3 These hemodynamic responses are being studied in 
more detail at the present time, particularly with refer- 
ence to cardiac output. 


phase appears to be a neurogenic vasoconstriction 
associated with the autonomic disturbance whicli 
is elicited by pyrogenic agents in general. The 
second phase, wherein both systolic and diastolic 
pressures are moderately reduced, with typically 
a wide pulse pressure, perhaps reflects the de- 
crease in peripheral resistance associated with the 
observed dilatation of the renal vascular bed, 
Dilatation in other organs cannot, of course, be 
excluded. The more severe reduction in blood 
pressure which occurs after several hours, and 
which, as we have said, is variable and unpre- 
dictable, and more severe in hypertensive than in 
normal subjects, may represent a more extreme 
state of vasodilatation but the reduction in pulse 
pressure suggests the presence of a diminished 
cardiac output or other adverse reactions in the 
circulatory system. 

The pyrogenic reaction has been observed hy 
us to follow the administration of triple typhoid 
vaccine, pyrogenic inuHn, and tyrosinase, and it 
has also been observed during a post-cystoscopic 
febrile reaction. We have also seen the reduction 
in blood pressure following the intravenous ad- 
ministration of pyrogenic normal saline and glu- 
cose. Though different pyrogens may be involved 
in these reactions, it is well known that a pyrogenic 
substance is characteristic of Gram-negative bac- 
teria, and it has been demonstrated that a sub- 
stance can be extracted from D. dysenteriae and 
B. coli, which is composed of a polysaccaride, a 
phospholipin, and a polypeptide-like molecule (li> 
12), and which is capable of producing a reaction 
in rabbits similar in its general effects to the one 
described in this study Since many post-cysto- 
scopic reactions are the result of a transient 5. 
coli bacteremia,® it may be that substances arising 
in Gram-negative bacteria are the common active 
factors in all the pyrogenic reactions discussed 
above. 

^ Personal communication from Dr. Rene J. Dubos. 
The examination of the physiological effect of these me 
tions is now in progress, in collaboration with Dr. u os 
s A bacillus of the B. coli group was found to be t ^ 
invasive organism in 17 of 25 patients who had ^ ^ 
teremia following cystoscopy, in work to be reported^ y 
Dr. Justina Hill of the James Buchnan Brady Urologica 
Institute, Johns Hopkins Hospital. This is not mean o 
indicate that every post-cystoscopic febrile reaction is as 
sociated with a bacteremia. 
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Our observations on tj-rosinase are included in 
this report because of the relationship between re- 
duction of blood pressure and fever; in no case 
did we obseive blood pressure to be reduced until 
the local reaction had gone far enough to induce 
some febrile response. Our results, however, do 
not demonstrate that tyrosinase is without specific 
effect on blood pressure, and the fact that heating 
destroys the hj'potensive action of tjTosinase prep- 
arations (Scliroeder, personal communication), 
where pjTogen is generally resistant to heating, 
argues in favor of a specific action. 

Bacterial contamination is allegedly responsible 
for the pyrogenic properties of some samples of 
distilled water; and any material prepared chem- 
ically with ordinary water, which itself is fre- 
quently contaminated with pyrogenic organisms, 
must be suspected. It has been our experience 
that once inulin is contaminated with pyrogen, 
repeated purification by reciy’stalHzation from 
water or alcohol-water mixtures fails to remove 
the pyrogen, w’hich can be removed only by ef- 
fective absorbants; and if organic preparations 
intended for parenteral administration were once 
contaminated with pyrogen, either from the raw 
materials, the water used in manufacture, or by 
bacterial growth during the course of preparation, 
effective quantities might be carried through re- 
peated purifications. It is also possible that the 
local tissue reaction which sometimes follows the 
injection of foreign material may give rise to an 
endogengus factor having a vasomotor action simi- 
lar to that of bacterial pyrogen, since such local 
reactions are frequently accompanied by fever. 

The fact that amidopyrine blocks the rise in 
body temperature, without blocking the hypoten- 
sive action and the renal vasodilatation induced 
by pyrogenic agents, may bespeak a dual nature in 
pyrogen itself, or merely a dissociation of the 
febrile and vascular responses within the body. 
This, like many other problems associated with 
the pyrogenic reaction, invites further investiga- 
tion, but, until the question is answered, it seems 
unwarranted to accept the febrile response itself 
as an adequate criterion of the presence or absence 
of powerful, delayed-action, vasomotor agents of 
the type studied here. 

We have observed no clinical signs of injurious 
action in the patients treated here, as judged by 


urinanalyses and renal clearance studies, but it is 
known that bacterial extracts administered in 
closely repeated doses may produce delayed ne- 
crotic lesions in the kidneys (Shwartzman phe- 
nomenon (13)), and such substances should be 
administered with due consideration of this fact. 
It should also be noted that pyrogenic material 
may induce an alarming circulatory crisis, as il- 
lustrated by our patient S. D., in consequence of 
the delayed-action vasomotor effects. 

SUilM.ARY 

Blood pressure can be reduced significantly in 
hypertensive subjects by the intravenous adminis- 
tration of pyrogenic material (pyrogenic inulin, 
triple typhoid vaccine, tyrosinase), and it can be 
maintained at reduced levels by the repeated in- 
jections of this material. This hypotensive effect 
can be obtained without a rise in body tempera- 
ture by premedication with amidopyrine. 

The mechanism responsible for the persistent 
blood pressure reduction is unknown, but, from 
the more immediate effects of pyrogen, it appears 
to be attributable in part to an adverse or asthenic 
action on the cardiovascular tystem, rather than 
a correction of the fundamental disturbance un- 
derlying the hypertensive process. 

One instance of a marked reduction in blood 
pressure in a hypertensive subject during a post- 
cystoscopic febrile reaction is illustrated. Such 
reactions are reported to be attributable to a tran- 
sient B. coli bacteremia, and the reduction of 
blood pressure here, and in other acute infec- 
tions, may be associated with the pyrogenic reac- 
tion associated with the infection. 

Whenever the blood pressure of a hypertensive 
subject is reduced by the parenteral administration 
of a foreign organic material, this pyrogenic type 
of response should be excluded before a specific 
hypotensive property is attributed to the agent 
used. And any pyrogenic material should be 
administered cautiously, since it may induce an 
alarming degree of peripheral circulatory failure, 
as illustrated by one of our subjects (S. D.). 
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The purpose of the present study is to determine 
if a relation exists between dark adaptation meas- 
urements and the lev'el of vitamin A and total 
carotenoids in the blood plasma, in normal subjects 
and in patients with cirrhosis of the liver. 

It has been established that the retina’s ability 
to adapt to the dark depends upon an adequate 
supply of vitamin A from the diet. The evidence 
has been reviewed by Wald and his co-workers 
(1), and by Hecht and Mandelbaum (2). Al- 
though failures to observe any influence of vita- 
min A intake upon dark adaptation have been 
recorded (3 to 5), other studies of experimental 
vitamin A deficiency (1, 2, 6 to 10) have shown 
that the visual threshold at complete dark adapta- 
tion can be elevated greatly by reduced vitamin A 
intake. In the latter studies the rate of dark 
adaptation remained unaltered. 

It has been shown previously (11 to 15) that 
patients with cirrhosis of the liver may have 
greatly delayed dark adaptation, with or without 
elevation of the final threshold. Since in these 
patients the response to vitamin A therapy was 
characterized by an increase in the rate of dark 
adaptation and a decrease in the final threshold 
(when originally high), it was concluded that 
there exists in cirrhosis of the liver a disturbance 
of vitamin A metabolism which differs from ordi- 
nary vitamin A deficiency. 

It also has been shown that low values for 
vitamin A are found in the plasma and liver of 
experimental animals with vitamin A deficiency 
(16, 17), Moreover, the livers of rats with carbon 
tetrachloride cirrhosis have been shown to contain 
only half the amount of vitamin A present in the 
livers of normal animals fed the same quantity of 
food and of vitamin A (18). Likewise, in pa- 
tients with cirrhosis of the liver, low values for 
vitamin A are found in both the circulating plasma 
(19 to 22) and in the liver tissue at autopsy (22 
to 26). Since both dark adaptation and the 


level of plasma vitamin A are related directly to 
the state of nutrition with reference to vitamin 
A, it seemed reasonable to expect a degree of 
correlation between the two types of measure- 
ment. 

METHODS 

The apparatus and the technique here employed for 
measuring the dark adaptation function have been de- 
scribed elsewhere (12, 27, 28). The intensity of the 
white pre-adapting light was 6,000 raillilamberts, and was 
viewed by the subject with the right eye for 3 minutes. 
The test light, a flash of 0.2 second duration, passed 
through a violet filter (Corning No. SII). The retinal 
region tested was a circular area whose diameter sub- 
tended a 2” visual angle and was located S° nasally to the 
fovea of the right eye of the subject Both the pre- 
adapting light and the test flash were viewed through a 
2 mm. artificial pupil placed at a distance of 3 mm. before 
the cornea of the subject. 

The plasma level of vitamin A and total carotenoids 
were determined by a modification of the method de- 
scribed by Kimble (29). It was found that shaking the 
plasma sample for 15 minutes with the ethanol before 
adding petroleum ether insured more complete precipita- 
tion of the proteins and more thorough extraction of the 
vitamin A and carotenoids. It was also discovered that 
using the chloroform and the antimony trichloride solu- 
tion at a low temperature (circa 10° C.) delays the 
development and fading of the blue color of the vitamin 
A-SbClj reaction sufficiently to permit several readings 
before the maximum density is attained and passed, thus 
making possible a more exact estimate of the maximum 
value.- The densities were measured in a Bausch and 
Lomb spectrophotometer. The vitamin A and carotenoid 
levels were expressed as international units (I.U.) and 
micrograms (pgm.), respectively, per 100 ml. of plasma. 
Whenever a sufficient quantity of plasma was available, 
duplicate determinations were made. 

AH of the patients received highly nutritious diets 
which were estimated from food tables (30) to provide 
at least 13,000 I.U. of vitamin A daily. None had fever, 
jaundice, or diarrhea at the time the tests were made. 
The observed abnormal values, therefore, are not attrib- 
utable to low intake of the vitamin, to fever, nor to faulty 
gastrointestinal absorption due to jaundice or diarrhea. 
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RESULTS 

In Figure 1 are plotted the upper and lower 
limits of the data of 60 individual dark adaptation 
tests made on 37 normal persons between the ages 
of 20 and 45 years. The abscissae are minutes 
,in the dark after cessation of light adaptation, and 
the ordinates are the logarithms of the threshold 
intensities expressed in micromicrolamberts (/t/il.). 
The final threshold is the lowest threshold read- 
ing obtained during a stay in the dark sufficiently 
long to define the entire rod function. The adap- 
tation time is defined as the number of minutes in 
the dark required for the dark adaptation func- 
tion to attain a threshold level of 5.50. This 
parameter obviously possesses both velocity and 
threshold-level dimensions, and thus serves as an 
over-all index of the subject’s dark adaptation 
status. 

Values for the adaptation time and for the 
final threshold of the 37 normal persons are 
given in Table I. When more than one observa- 
tion was made on an individual, the mean value 
is given, and the number of observations indi- 
cated in parentheses. The adaptation time ranges 
in value from an average of 9.5 mniutes to 15.0 


minutes, with a mean of 13.1 minutes, The final 
threshold values range from an average of 3.95 
to 4.42, with a mean of 4.20. For unexplained 
reasons the values for a single individual may 
vary in exceptional cases by as much as 3 minutes 
and 0.4 log unit over a period of several months. 
However, the usual limits of change over a period 
of 2 or 3 weeks are approximately ± 0.5 minute 
and rfc 0.2 log unit. 

Within the age limits studied, neither sex nor 
age appear to exert a significant influence upon 
either the adaptation time or the final threshold. 

The plasma vitamin A values found in Table I 
are based upon 74 measurements on 44 normal 
persons between the ages of 20 and 45 years. 
The values range from 109 to 309 LU. per cent 
and have a mean value of 198 I.U. per cent. The 
amount of variation in single individuals over a 
period of months may be almost as great as the 
individual differences shown in the table. Changes 
as great as 50 per cent have been observed within 
a period of only one week. This instability of 
the vitamin A blood level presents a striking 
contrast to the relative constancy of the dark 
adaptation function. It is accounted for in part 



Fig. 1. The Limits of 60 Dark Adapt.atiox Measurements in 37 Normal Subjects . ^ j5^ 
Average values of the parameters designated adaptation time and final threshold for each subject are recor 
Table I. 



DARK ^\DAI>TATION AND VITAMIN A IN THE BLOOD 


379 


TABLE I 

Plasma vitamin A, plasma carotenoids, dark adaptation time, and final threshold intensity in normal persons 
(When the value represents an average, the number of observations is indicated in parentheses.) 


Males 


Females 


Subject 

vilamln A 

Plasma 

carotenoids 

Adaptation 

time 

Final 

threshold 

Subject 

Plasma 
vitamin A 

Plasma 

carotenoids 

Adaptation 

time 

Final 

threshold 


I.U. ter 
100 ml. 

prm. per 
100 ml. 

minutes 

toe 


I.U. per 
too ml. 

Itgm. per 
100 ml. 

minutes 

log ftfil. 


189 (7) 

140 (7) 

9.5 (3) 

4.18 (3) 

IF 

149 (2) 

106 (2) 

12.0 (3) 

4.03 (3) 


197 (4) 

150 (4) 

11.3 (3) 

4.02 (3) 

2F 

176 (2) 

156 (2) 

13.0 (2) 

3.97 (2) 


205 (7) 

185 (7) 

15.0 (2) 

4.29 (2) 

3F 

213 

104 

14.9 (2) 

4.15 (2) 


180 (2) 

106 (2) 

14.2 

4.30 

4F 

135 

113 

11.8 

4.10 


193 (2) 

117 (2) 

12.4 (2) 

4.25 (2) 

5F 

172 (3) 

110 (3) 

10.9 (4) 

4.10 (4) 


159 

174 

10.7 

4.00 

6F 

273 

174 




260 (2) 

69 (2) 



7F 

186 (2) 

135 (2) 

15.0 

4.40 


309 - 

146 (2) 

14.0 

4.40 

8F 

144 

129 




109 

122 

13.0 

4.00 

9F 

198 

133 




229 

91 



lOF 

176 

158 



IIM 

149 (2) 

143 (2) 

12.2 (2) 

4.13 (2) 

IIF 

195 

154 

14.2 

4.30 

12M 

209 (2) 

94 (2) 


12F 

158 (3) 

245 (3) 

13.6 

4.10 

13M 

167 

234 

12.5 

4.30 

13F 

213 

125 



14M 

285 

149 

13.8 

4.00 

14F 

265 

108 



15 M 

230 

108 

12.3 (2) 

4.39 (2) 

15F 

125 

166 



16M 

280 

216 

14.9 

4.42 

16F 

125 

133 



17M 

214 

158 



17F 

141 

154 



18M 

290 (2) 

260 (2) 



18F 

282 

239 

13.1 (3) 

4.23 (3) 

19.M 

267 

112 

12.8 

4.20 

19F 

114 

75 

20M 

230 

203 



20F 

192 

108 

14.2 (3) 

4.30 (3) 

21M 

192 

183 



21F 



12.4 (2) 

3.95 (2) 

22M 

169 

183 

10.8 

4.25 

22F 



13.2 

4.20 

23M 


14.3 

4.10 

23F 



14.8 (2) 

4.10 (2) 

24M 



12.9 (2) 

4.20 (2) 






2SM 



15.0 

4.42 






26M 



13.6 

4.42 






27M 



12.0 (2) 

4.08 (2) 






28M 



14.3 

4.20 






29M 



13.8 

4.25 






30M 

180 

83 

9.7 

4.20 






31M 

200 

64 

13.5 

4.20 






Mean 

212 

146 

12.9 

4.22 

Mean 

182 

142 

13.4 

4.15 

Standard deviation 

49.8 

46.9 

1.65 

0.132 

Standard 










deviation 

28.3 

27.4 

1.23 

0.198 

Mean of M + F 

198 

144 

13.1 

4.20 






Standard deviation 

41.5 

34.8 

1.57 

0.142 







by a seasonal variation, possibly correlated with 
diet (31). However, so many departures from 
the seasonal trend have been noted, that, almost 
certainly, one or more additional unknown factors 
must exert an influence upon the level of vitamin 
A in the blood. 

The difference of 30 I.U. per cent between the 
mean values for men and for women in the 
plasma vitamin A data of Table I is found to 
have statistical significance. This confirms simi- 
lar findings by, Kimble (29) and by Murrill and 
his co-workers (32). On the other hand, the 
mean plasma carotenoid levels of the two sexes 
are practically identical, which contrasts with the 


findings of Kimble and of Murrill et al. of slightly 
higher values for women than for men. 

Within the age limits studied, no significant 
influence of age upon the plasma vitamin A and 
carotenoid levels was observed.’^ 

^In another study (33), by a procedure which was 
calibrated against the present technique, the mean level 
of vitamin A in the blood of infants between 3 weeks 
and 6 months of age was found to be 74 I.U. per cent, 
that for infants between 6 and 18 months of age 110 
I.U. per cent, and that for children from 6 to 12 years 
of age 117 I.U. per cent. AVhen the mean of 198 I.U. 
per cent here obtained on adult subjects is added to this 
series, it is apparent that the level of plasma vitamin A 
rises significantly with increasing age up to the adult level. 
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For studying the relation between the two kinds 
of measurement, blood for vitamin A and caro- 
tenoicj analysis was drawn on the same day that 
the dark adaptation tests were made. Table II 
presents 67 such simultaneous dark adaptation 
plasma measurements in 14 normal persons, 18 
persons with cirrhosis of the liver, and 7 persons 
with various other chronic diseases. Figure 2 

TABLE II 


SimuUaneotis measurements of plasma vitamin A and 
carotenoids, and of dark adaptation 



Sex 




Plasma 

1 Plasma 

Adap- 

Final 

ject 

Diagnosis 


vita- 

carote- 

tation 

thres- 





min A 

noids 

time 

hold 






J.U.ptr 

too ml. 

itgm. per 
100 ml. 

min- 
utes 1 

log ftfll. 

IM 

M 

Normal 



256 

116 

8.5 

4.10 

IM 

M 

Normal 



142 

134 

7.8 

4.00 

2M 

M 

Normal 



175 

170 

10.8 

3.95 

2M 

M 

Normal 



204 

129 

11.5 , 

4,05 

3M 

M 

Normal 



218 

176 

15.0 

4.42 

13M 

M 

Normal 



167 

234 

12.5 1 

4.30 

19M 

M 

Normal 



267 

112 

12.8 

4.20 

22M 

M 

Normal 



169 

183 

10.8 1 

4.25 

30M 

M 

Normal 



180 

64 

9.7 1 

4.20 

31M 

M 

Normal 



200 

I 83 

13.5 

4.20 

IF 

F 

Normal 



181 

149 

9.9 1 

4.05 

2F 

F 

Normal 



137 

133 

12.5 ' 

3.84 

SF 

F 

Normal 



141 

96 

10.9 

4.10 

SF 

F 

Normal 



189 

83 

10.9 

4.10 

7F 

IF 

Normal 



134 

111 

15.0 

4.40 

19F 

F 

Normal 



114 

75 

11.3 

4.25 

20F 

F 

Normal 



1 192 

108 

13.6 

4.10 

3C 

M 

Cirrhosis 

of 

the 

122 

116 

23.5 

4.89 



liver 







3C 1 

M 

Cirrhosis 

of 

the 

1 146 

125 

16.5 

4.25 



liver 







3C 

M 

Cirrhosis 

of 

the 

161 

134 

21.5 

4.40 



liver 







3C 

M 

Cirrhosis 

of 

the 

192 

212 

21.0 

4.60 



liver 







3C 

M 

Cirrhosis 

of 

the 

147 

141 

22.8 

4.55 



liver 







3C 

M 

Cirrhosis 

of 

the 

75 

174 

23.8 

4.50 



liver 







3C 

M 

Cirrhosis 

of 

the 

90 

224 

23.0 

4.30 



liver 







3C 

M 

Cirrhosis 

of 

the 

106 

241 

22.5 

4.95 



liver 







3C 

M 

Cirrhosis 

of 

the 

85 

220 

19.7 

3.90 



liver 







3C 

M 

Cirrhosis 

of 

the 

180 

133 

20.7 

4.30 



liver 







3C 

M 

Cirrhosis 

of 

the 

98 

116 

18.9 

3.90 



liver 



1 



1 

3C 

M 

Cirrhosis 

of 

the 

193 

187 

18.7 

3.30 



liver 







6C 

M 

Cirrhosis 

of 

the 

105 i 

215 

14.3 

4.50 



liver 







9C 

M 

Cirrhosis 

of 

the 

116 

145 

16.2 

4.70 



liver 



1 




12C 

F 

Cirrhosis 

of 

the 

24 

216 

18.2 

4.20 



liver 



74 



4.25 

12C 

F 

Cirrhosis 

of 

the 

73 

25.0 


liver 






4.75 

15C 

F 

Cirrhosis 

of 

the 

32 

125 

29.0 



liver 








TABLE II — Continued 


Sub- 

ject 



Plasma 

Plasma 

Adap- 

Final 

Sex 

Diagnosis 

vita- 

carote- 

tation 

thres- 



min A 

noids 

time 

hold 




I.U.Pet 

• iigm.pei 

’ min- 





100 ml. 

100 ml. 

utes 


15C 

F 

Cirrhosis of the 

47 

133 

26.S 

4.20 



liver 





16C 

F 

Cirrhosis of the 

62 

291 

21.8 

4.25 



liver 





16C 

F 

Cirrhosis of the 

100 

179 

19.8 

4.40 



liver 




4.40 

16C 

F 

Cirrhosis of the 

63 

270 

17.0 



liver 




4.00 

33C 

F 

Cirrhosis of the 

161 

66 

12.5 



liver 




4.10 

36C 

M 

Cirrhosis of the 

47 

135 

19.0 



liver 



17.5 

4.20 

36C 

M 

Cirrhosis of the 

49 

91 



liver 




4.25 

36C 

M 

Cirrhosis of the 

44 

83 

19.4 



liver 



14.5 

4.80 

37C 

F 

Cirrhosis of the 

93 

166 



liver 



14.0 

5.00 

37C 

F 

Cirrhosis of the 

27 

66 



liver 



18.0 

4.30 

54C 

M 

Cirrhosis of the 

57 

58 



liver 



19.4 

4.50 

54C 

M 

Cirrhosis of the 

60 

57 



liver 



15.1 

4.10 

55C 

M 

Cirrhosis of the 

87 

44 

1 

56C 1 

F 

liver 

Cirrhosis of the 

116 

44 

25.0 

4.90 

57C 

M 

liver _ 

Cirrhosis of the 

164 

79 

10.4 

4.50 

58C 

F 

liver 

Cirrhosis of the 

85 

42 

18.8 

4.24 

59C 

F 

liver 

Cirrhosis of the 

77 

36 

21.0 

4.40 

61C 

F 

liver 

Cirrhosis of the 

98 

40 

24.0 

1 

4.90 

62C 

'm 

liver 

Cirrhosis of the 

89 

50 

1 

1 12.5 

4.40 

63C 

M 

liver 

Cirrhosis of the 

69 

28 

13.1 

4.30 

9H 

F 

liver 

Nephrosis 

122 

191 

9.0 

13.7 

3.95 

4.05 

4.40 

4.40 

4.35 

4.35 

4.25 

4,10 

3.67 

4 10 

9H 

F 

Nephrosis 

152 

187 

IIH 

F 

Diabetes mellitus 

199 

170 

16.7 

27H 

F 

Urolithiasis 

84 

97 

21.3 

27H 

F 

Urolithiasis 

105 

56 

25.0 

27H 

F 

Urolithiasis 

107 

71 

23.2 

52H 

F 

Hyperthyroidism 

155 

75 

17.7 

15.5 
13.3 

14.5 

13.0 

16.1 

14.8 

S2H 

F 

Hyperthyroidism 

173 

58 

52H 

F 

Hyperthyroidism 

133 

37 

52H 

F 

Hyperthyroidism 

162 

50 

4 16 

53H 

F 

Myxedema 

116 

145 

4 50 

54H 

71H 

F 

M 

Myxedema 
Anomalous portal 

170 

166 

133 

179 

4!so 



vein 



— 



shows the relation of the plasma vitamin A values 
to (/4) the dark adaptation time, and to (B) tw 
final threshold. 


DISCUSSION 

When the several groups of subjects are re- 
garded as a single population, the data of Figure 
2 show that the higher dark adaptation values 
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PLASMA VITAMIN A - l,U./100 ML. 

Fic, 2. Relation of the Plasma Vitajun A Le\'el 
TO ( A ) The Dark Adaptation Time, and to (5) The 
Logarithm of the Final Threshold Intensity 

The 67 points represent individual observations made 
on the same days in 14 normal persons, 18 patients \vith 
cirrhosis of the liver, and 7 patients with certain other 
diseases. Note that the data representing the several 
clinical categories are not randomly distributed with 
relation to each other, but are crudely aligned in the 
order: liver cirrhosis, urolithiasis, miscellaneous chronic 
diseases, and normal. 

tend to be associated with the lower vitamin A 
values, suggesting a degree of correlation be- 
tween the two variables. This effect is more 
marked in Figure 2A (adaptation time) than in 
Figure 2S (final threshold) . When, however, the 
data of the cirrhotic and normal groups in this 
figure are regarded separately as distinct popur 
lations, they show an essentially random distri- 
bution. Witbin either of these clinical categories, 
therefore, no correlation is apparent between the 
plasma vitamin A level and either parameter of 
the dark adaptation function. 


Since the data of the several groups are not 
randomly distributed over the same range of 
values, it is apparent that the correlations arise 
from a tendency of the data to group themselves 
according to the separate clinical categories, the 
cirrhotics being at one end of a series and the 
normals at the other. This tendency for patients 
with cirrhosis of the liver to have higher dark 
adaptation and lower plasma vitamin A values 
than normal controls has been previously observed 
(22). However, in the previous study the dark 
adaptation and vitamin A values were not meas- 
ured simultaneously. 

Similar correlations between dark adaptation 
measurements and the plasma vitamin A level 
have been reported previously by others. It is 
possible that these correlations, like those of the 
present data, are attributable to other factors 
rather than to a direct dependence of the retina 
upon the level of vitamin A in the blood. In the 
studies by Lindqvist (20), Pett and LePage (34), 
and Lewis et al. (33), heterogeneous groups of 
patients (miscellaneous diseases) were also em- 
ployed. In that by Josephs and his co-workers 
(35), the subjects were drawn from four different 
nutritional categories as determined by questipn- 
naires and by economic status. 

Evidence that the retinal supply of vitamin A 
may be largely independent of the level of the 
vitamin in the blood is provided by the observa- 
tions of Lewds and his co-workers (36), who 
found that the retinas of rats on a diet of low 
vitamin A content retained a maximal quantity 
of vitamin A, although the plasma level had 
dropped to an extremely low value. Even more 
striking is the finding that thyroid extract or 
a-dinitrophenol administered to patients with de- 
layed dark adaptation, not only lowered the plasma 
vitamin A and carotenoid levels, but simultane- 
ously increased the speed and extent of dark 
adaptation (37). -Still other factors, enumerated 
in an earlier report (22), have been shown to 
influence independently either the dark adaptation 
or the blood vitamin A level. It nevertheless 
appears reasonable, when known complicating 
factors are excluded, to regard dark adaptation 
values as measures of the niilicalwn of vitamin 
A by the retina. The level of A-itamin A in the 
blood, on the other hand, has been shown ex- 
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For studying the relation between the two kinds 
of measurement, blood for vitamin A and caro- 
tenoid analysis was drawn on the same day that 
the dark adaptation tests were made. Table II 
presents 67 such simultaneous dark adaptation 
plasma measurements in 14 normal persons, 18 
persons with cirrhosis of the liver, and 7 persons 
with various other chronic diseases. Figure 2 

TABLE II 


Simultaneous measurements of plasma vitamin A and 
carotenoids, and of dark adaptation 


Sub- 

ject 

Sex 

Diagnosis 


Plasma 
vita- 
min A 

Piasma 

carote- 

noids 

Adap- 

tation 

time 

Final 

thres- 

hold 

IM 

IM 

2M 

2M 

3M 

13M 

19M 

22M 

30M 

31M 

IF 

2F 

5F 

5F 

7F 

19F 

20F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

F 

F 

F 

F 

F 

F 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 



I.U. -per 
100 ml. 

256 

142 

175 

204 

218 

167 

267 

169 

180 

200 

181 

137 

141 

189 

134 

114 

192 

ligm. per 
100 ml. 

116 

134 

170 

129 

176 

234 

112 

183 

64 

83 

149 

133 

96 

83 

111 

75 

108 

min- 

utes 

8.5 

7.8 
10.8 

11.5 
15.0 

12.5 
12.8 
10.8 

9.7 

13.5 

9.9 

12.5 
10.9 
10.9 
15.0 
11.3 

13.6 

log iifd. 

4.10 

4.00 

3.95 

4.05 

4.42 

4.30 

4.20 

4.25 

4.20 

4.20 

4.05 

3.84 

4.10 

4.10 

4.40 

4.25 

4.10 

3C 

M 

Cirrhosis 

liver 

of 

the 

122 

116 

23.5 

4.89 

3C 

M 

Cirrhosis 

liver 

of 

the 

146 

125 

16.5 

4.25 

3C 

M 

Cirrhosis 

liver 

of 

the 

161 

134 

21.5 

4.40 

3C 

M 

Cirrhosis 

liver 

of 

the 

192 

212 

21.0 

4.60 

3C 

M 

Cirrhosis 

liver 

of 

the 

147 

141 

22.8 

4.55 

3C 

M 

Cirrhosis 

liver 

of 

the 

75 

174 

23.8 

4.50 

3C 

M 

Cirrhosis 

liver 

of 

the 

90 

224 

23.0 

4.30 

3C 

M 

Cirrhosis 

liver 

of 

the 

106 

241 

22.5 

4.95 

3C 

M 

Cirrhosis 

liver 

of 

the 

85 

220 

19.7 

3.90 

3C 

M 

Cirrhosis 

liver 

of 

the 

180 

133 

20.7 

4.30 

3C 

M 

Cirrhosis 

liver 

of 

the 

98 

116 

18.9 

3.90 

3C 

M 

Cirrhosis 

liver 

of 

the 

193 

187 

18.7 

3.30 

6C 

M 

Cirrhosis 

liver 

of 

the 

105 

215 

14.3 

4.50 

9C 

M 

Cirrhosis 

liver 

of 

the 

116 

145 

16.2 

4.70 

12C 

F 

Cirrhosis 

liver 

of 

the 

24 

216 

18.2 

4.20 

12C 

F 

Cirrhosis 

liver 

of 

the 

74 

73 

25.0 

4.25 

15C 

F 

Cirrhosis 

liver 

of 

the 

32 

125 

29.0 

4.75 


TABLE li — Continued 





Plasma 

Plasma 

i 

Adap- , 

Final 

jcct 

Sex 

Diagnosis 

vita- 

carote- 

tation 

thres- 


min A 

noids 

time 

hold 




I.U.pt, 

r ligm. pel 

'' min- 

toiiiid. 




too ml. 

100 ml. 

ules 

15C 

F 

Cirrhosis of the 

47 

133 

26.5 

4,20 



liver 





16C 

F 

Cirrhosis of the 

62 

291 

21.8 

4.25 



liver 





16C 

F 

Cirrhosis of the 

100 

179 

19.8 

4.40 



liver 




4.40 

16C 

F 

Cirrhosis of the 

63 

270 

17.0 



liver 




4.00 

33C 

F 

Cirrhosis of the 

161 

66 

12.5 



liver 




4,10 

36C 

M 

Cirrhosis of the 

47 

135 

19.0 



liver 




4.20 

36C 

M 

Cirrhosis of the 

49 

91 

17.5 



liver 




4.25 

36C 

M 

Cirrhosis of the 

44 

83 

19.4 



liver 



14.5 

4.80 

37C 

F 

Cirrhosis of the 

93 

166 


1 

liver 



14.0 

5.00 

37C 

F 

Cirrhosis of the 

27 

66 


1 

liver 



18.0 

4.30 

54C 

M 

Cirrhosis of the 

57 

58 



liver 



19.4 

4.50 

54C 

M 

Cirrhosis of the 

60 

57 



liver 



15.1 

4.10 

55C 

M 

Cirrhosis of the 

87 

44 

56C 

F 

liver 

Cirrhosis of the 

116 

44 

25.0 

4.90 

57C 

M 

liver 

Cirrhosis of the 

164 

79 

10.4 

4.50 

58C 

F 

liver 

Cirrhosis of the 

85 

i 42 

18.8 

4.24 

59C 

F 

liver 

Cirrhosis of the 

77 

1 

36 

21.0 

4.40 

61C 

1 

F 

liver 

Cirrhosis of the 

98 

40 

24.0 

4.90 

62C 

M 

liver 

Cirrhosis of the 

89 

50 

12.5 

4.40 

63C 

M 

liver 

Cirrhosis of the 

69 

28 

13.1 

4.30 

9H 

F 

liver 

Nephrosis 

122 

191 

9.0 

13.7 

16.7 

3.95 

4.05 

4.40 

4.40 

4.35 

4.35 

4.25 

4 10 

9H 

F 

Nephrosis 

152 

187 

IIH 

F 

Diabetes mellitus 

199 

170 

27H 

F 

Urolithiasis 

84 

97 

21*3 

27H 

F 

Urolithiasis 

105 

56 

25.0 

27H 

F 

Urolithiasis 

107 

71 

23.2 

17.7 

15.5 

13.3 

14.5 

13.0 

16.1 

14.8 

52H 

F 

Hyperthyroidism 

155 

75 

S2H 

F 

Hyperthyroidism 

173 

58 

3 67 

52H 

F 

Hyperthyroidism 

133 

37 

4 10 

52H 

F 

Hyperthyroidism 

162 

50 

4 16 

53H 

F 

Myxedema 

116 

145 

4 50 

54H 

71H 

F 

M 

Myxedema 
Anomalous portal 

170 

166 

133 

179 

4.50 



vein 







shows the relation of the plasma vitamin A values 
to (A) the dark adaptation time, and to (B) the 
final threshold. 


DISCUSSION 

When the several groups of subjects are re 
garded as a single population, the data of Figure 
2 show that the higher dark adaptation values 
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Fic. 2. Relation of the Plasma Vitamin A Level 
TO { A ) The Daek Adaptation Time, and to (S) The 
Logaeithm of the Final Threshold Intensity 
The 67 points represent individual observations made 
on the same days in 14 normal persons, 18 patients with 
cirrhosis of the liver, and 7 patients with certain other 
diseases. Note that the data representing the several 
clinical categories are not randomly distributed with 
relation to each other, but are crudely aligned in the 
order: liver cirrhosis, urolithiasis, miscellaneous chronic 
diseases, and normal. 


tend to be associated with the lower vitamin A 
values, suggesting a degree of correlation be- 
tween the tivo variables. This effect is more 
marked in Figure 2A (adaptation time) than in 
Figure 2B (final threshold) . When, however, the 
data of the cirrhotic and normal groups in this 
figure are regarded separately as distinct popur 
lations, they show an essentially random distri- 
bution. Within either of these clinical categories, 
therefore, no correlation is apparent between the 
plasma vitamin A level and either parameter of 
the dark adaptation function. 


Since the data of the several groups are not 
randomly distributed over the same range of 
values, it is apparent that the correlations arise 
from a tendency of the data to group themselves 
according to the separate clinical categories, the 
cirrhotics being at one end of a series and the 
normals at the other. This tendency for patients 
with cirrhosis of the liver to have higher dark 
adaptation and lower plasma vitamin A values 
than normal controls has been previously observed 
(22). However, in the previous study the dark 
adaptation and vitamin A values were not meas- 
ured simultaneously. 

Similar correlations between dark adaptation 
measurements and the plasma vitamin A level 
have been reported previously by others. It is 
possible that these correlations, like those of the 
present data, are attributable to other factors 
rather than to a direct dependence of the retina 
upon the level of vitamin A in the blood. In the 
studies by Lindqvist (20), Pett and LePage (34), 
and Lewis et al. (33), heterogeneous groups of 
patients (miscellaneous diseases) were also em- 
ployed. In that by Josephs and his co-workers 
(35), the subjects were drawn from four different 
nutritional categories as determined by question- 
naires and by economic status. 

Evidence that the retinal supply of vitamin A 
may be largely independent of the level of the 
ritamin in the blood is provided by the observa- 
tions of Lewis and his co-workers (36), who 
found that the retinas of rats on a diet of low 
vitamin A content retained a maximal quantity 
of vitamin A, although the plasma level had 
dropped to an extremely low value. Even more 
striking is the finding that thyroid extract or 
a-dinitrophenol administered to patients ^vith de- 
layed dark adaptation, not only lowered the plasma 
vitamin A and carotenoid levels, but simultane- 
ously increased the speed and extent of dark 
adaptation (37). ’Still other factors, enumerated 
in an earlier report (22), have been shown to 
influence independently either the dark adaptation 
or the blood vitamin A level. It nevertheless 
appears reasonable, when known complicating 
factors are excluded, to regard dark adaptation 
values as measures of the utilization of vitamin 
A by the retina. The level of vitamin A in the 
blood, on the other hand, has been shown ex- 
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perimentally to be an index of the amount of the 
vitamin stored in the liver (16, 17). Thus, the 
two types of measurement probably record quan- 
titative variations in two quite different aspects 
of vitamin A metabolism. 

SUMMARY 

Measurements of dark adaptation upon 37 nor- 
mal-persons revealed no sex differential. In de- 
terminations of the plasma vitamin A and total 
carotenoid levels in 44 normal persons, the mean 
vitamin A level for the women was found to be 
14 per cent lower than that for the men, while 
the mean carotenoid levels were the same in the 
two sexes. 

Sixty-seven simultaneous dark adaptation and 
plasma vitamin A and carotenoid measurements 
were obtained in 14 normal persons, 18 persons 
with cirrhosis of the liver, and 7 persons with 
various other chronic diseases. Within the cir- 
rhotic and normal groups, separately considered, 
no significant correlations were observed between 
the plasma vitamin A or the plasma carotenoid 
levels and the dark adaptation values. When all 
of the normal and abnormal subjects were grouped 
together as a single population, however, a degree 
of correlation between the dark adaptation meas- 
urements and the vitamin A values became ap- 
parent. This relation was interpreted as arising 
from differences peculiar to the several diagnostic 
groups studied, rather than from a causal relation 
between the level of vitamin A in the blood and 
the rate and extent of dark adaptation. 
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CIRRHOSIS OF THE LIVER AMONG RATS RECEIVING DIETS 
POOR IN PROTEIN AND RICH IN FAT" 
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The importance of fat deposition in tlie liver as 
a possible contributory factor in the j^atbogenesis 
of cirrliosis was enipbasized I)y Connor in 1939 

(1) . Best and Ridout (2) found that a high fat, 
low protein, choline-poor diet, when administered 
to rats, produced extensive fat deposition in the 
liver. It therefore seemed reasonable to admin- 
ister such a diet to rats over an extended period 
of time in order to determine whether cirrhosis 
might ultimatch’ ensue. E.xperiments to this end 
have been carried out in this laborator}’ (3), and 
recent .reports of similar independent investiga- 
tions have been made by Gyorg)' and Goldblatt 
(4), by Blumberg and McCollum (5), and by 
Lillie, Daft, and Sebrell (6). Also Chaikoff and 
Connor have recently reported the occurrence of 
cirrhosis of the liver in dogs receiving a high fat 
diet (7). 

That fatty changes in the liver may be induced 
or aggravated in the rat by cystine feeding has 
been shown by Curtis and Newburgh (8), and by 
Lillie (9). More recently Earle and Victor (10) 
have reported that prolonged cystine feeding leads 
ultimatety to cirrhosis. Cholesterol has long been 
known to increase the lipid content of the liver 

(2) and cirrhosis in the rabbit after cholesterol 
administration has also been observed by Chala- 
tow (11), and more recently by Leary (12). 
Choline, betaine, and related compounds are agents 
which protect against the development of fatty 
livers induced by a variety of causes (2). It has 
also been shown b)' Griffith and Wade (13) that 
choline exerts an ameliorating effect upon the 
kidney necrosis which follows the administration 
of cystine. Because of the above findings addi- 
tional groups of rats were given C3'stine, choles- 
terol, and betaine, in order to obsen^e any modi- 
fying influence which these compounds might 
exert on the development of liver lesions. 

^ This work was made possible by a grant in aid from 
the Howard M. Hanna, III, Memorial Fund. 


METHODS 

White rats of the Sprague Dawley strain were kept in 
individual cages and allowed to consume the proffered diet 
as desired. A basic diet, high in fat and low in protein 
and choline, was prepared of the following constituents 
per 100 grams: rice starch, 44 grams; casein, 8 grams; 
hydrogenated cottonseed oil, 38 grams ; cod liver oil, 2 
grams; salt mixture, 5 grams; whole dried brewer’s 
yeast. 3 grams (equivalent to a daily intake of approxi- 
mately 0.25 grams).- ^feasurement of the quantity of 
diet consumed by each rat was made. 

Early in this work it was discovered that cirrhotic 
lesions of maximum severity could be produced in mature 
rats weighing more than 250 grams. Hence the experi- 
ments which are reported at this time were performed on 
rats weighing between 250 and 450 grams and ranging in 
age from 4 to 9 months when they were first given the 
diet. There were a few exceptions which may be noted 
in Table I. Males seemed to be more susceptible to cir- 
rhotic changes than females (Table I) and therefore 
they were used exclusively in all experiments except 
those employing basal diet alone. In another preliminary 
study, not recorded below, a number of rats were killed 
at varying intervals after being placed on the basal diet, 
in order to determine the time of onset of cirrhosis. The 
first evidence of fibrosis was detectable not earlier than 
the fourth month after the start of the diet. For this 
reason all rats included here were killed at the end of 
150 da 3 's. Any animals dying before this time were 
excluded from the protocols. 

RESULTS 

Basal diet alone 

With varying severity, the following picture 
was seen. The livers were large with roughened 
surface in hobnail form. No ascites or jaundice 
was observed. Those rats having the largest 
livers had the largest spleens. Moderate ht-po- 
chromic anemia was present. The kidneys were 

- The casein was Labco brand, alcohol extracted “vita- 
min free,” and the j'east was Strain G of Anheuser-Bu.sch. 
The salt mixture was Jfo. 185 of McCollum and Sim- 
monds (14) with the addition of sodium fluoride 0.036 
parts, manganese sulfate 0.018 parts, and potassium ioflidc 
0.90 parts per thousand of salt mi.xturc. 
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large, pale, and coarsely granular in surface. Mi- 
croscopically, the liver exhibited multilobular in- 
creases in periportal connective tissue, fat infil- 
tration, and occasional collections of lymjihocyte- 
like cells in the periportal tissues. Bile ducts 
were prominent, and occasionally focal areas of 
necrosis were seen with lysis of cells, p 3 'knolic 
nuclei, and hemorrhage. In the kidneys there 
were areas of cortical necrosis with hemorrhage, 
scarring, and focal necrotizing nephrosis. Ex- 
cept in the severely scarred areas, lesions in the 
glomeruli were minimal. The animals with rela- 
tively more severe hepatic lesions tended to haA^e 
relatively less severe renal lesions and the reverse. 
Examination of the kidneys of a number of rats 
used in preliminary experiments indicated that 
the renal lesions were independent of age or sex. 
A summary of the observations made upon this 
group of rats is presented in Table I. 

Modifications of the basal diet 

Groups of 10 rats each were given the basal 
diet modified in various ways. With thiamin 
chloride and riboflavin added to the diet, 20 gamma 


of each ])er rat ])cr day, the results were essen- 
tially the same as with ba.sal diet alone. Addition 
of brewer’s yeast ])revented the necrosis and fibro- 
sis when given in quantities of 2 grams per rat 
dail}'’, but under these circumstances the dietar)' 
can no longer be considered to be low in protein 
or choline, and the proportion of fat is relatively 
reduced. Likewise, substitution of 2 grams of 
molasses daily for a part of the carbohydrate 
resulted in jjrevention of the necrotic and cirrhotic 
lesions. Variation of carbohydrate source from 
rice starch to glucose or sucrose, and of fat source 
to beef dripjMug or pig lard, did not alter the 
re.sults. 

Effect of varying the percentage of protein eini 

of fat 

The casein content of the original diet was in- 
creased to 25 per cent at the expense of the 
carbohy'drate fraction. Only' one of the 10 ani- 
mals in this group showed increase in periportal 
connective tissue, and that was of very minor de- 

^ Trixy molasses manufactured by D. B. Scully Syrup 
Company. 


TABLE I 

Rats receiving basal diet 


MALES 


Rat 

Initial 

body 

weight 

Body 
weiglit 
at death 

Liver 

Spleen 

Kidney 

Liver clianges 

Daiij' 

food 

number 

weiglit 

weiglit 

Weight 

Lesions 

Fat increase 

Necrosis 

Cirrhosis 

intake 


grams 

grains 

grams 

grams 

grams 




Slight 

grants 

8.6 

7.1 

7.8 

8.3 

9.6 

9.1 

7.3 

8.5 

5.1 

7.4 

1 

555 

290 

12.7 

0.58 

1.8 

Moderate 

Slight 

Slight 

2 

365 

301 

13.3 

0.60 

1.9 

Moderate 

Moderate 

Slight 

Slight 

3 

310 

269 

14.7 

0.71 

1.6 

Slight 

Moderate 

Slight 

Moderate 

4 

380 

284 

10.0 

0.58 


Slight 

Slight 

Moderate 

Slight 

5 

392 

334 

11.8 

0.70 


Moderate 

Moderate 

Slight 

Moderate 

6 

345 

298 

7.3 

0.70 

1.9 

Moderate 

Slight 

Slight 

Slight 

7 

260 

211 

9.3 

0.40 

1.4 

Slight 

Moderate 

Slight 

None 

8 

165 

175 

8.2 

0.50 

1.5 

Slight 

Moderate 

Slight 

None 

9 

10 

210 

480 

152 

323 

15.4 

9.4 

0.60 

0.61 

1.2 

2.6 

Slight 

Moderate 

Moderate 

Slight 

None 

Slight 

Moderate 

Slight 


FEMALES 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 


202 

169 

8.0 

0.48 

1.5 

Moderate 

Moderate 

None 

None 

225 

201 

8.1 

0.74 

1.7 

Moderate 

Moderate 

Moderate 

Moderate 

241 

214 

8.1 

0.58 

1.1 

Moderate 

Slight 

None 

None 

230 

242 

9.3 

0.60 



Moderate 

Slight 

Slight 

215 

171 

7.2 

0.48 

1.6 

Moderate 

Moderate 

Slight 

Slight 



Died of pneumonia after 67 days. 

Tissues macerated. 


200 

181 

7.9 

0.55 



Moderate 

None 

Slight 

190 

178 

7.8 

0.49 



Slight 

None 

None 

200 

ISO 

8.1 

0.48 



Slight 

None 

None 

135 

145 

10.6 

0.49 

1.0 

Moderate 

Moderate 

Moderate 

Slight 


5.0 

5.8 
5.5 

6.1 

4.8 

5.2 

5.0 

5.1 

5.8 
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gree. The fat content of their livers was con- 
siderably reduced, and renal disease was slight. 
Increase of the protein content to 25 per cent by 
the addition of 17 per cent gelatin to the original 
diet, at the expense of carbohydrate, had the same 
result when given to a group of 10 rats as in- 
crease in casein, except that fat infiltration was 
not as greatly reduced. 

A decrease in fat content to 10 per cent, with 
increase in carbohydrate, resulted in some decrease 
in severity of the liver disease. Four of the 5 
rats in this group showed minimal cirrhosis and 
one showed none. Renal lesions were also much 
less severe than in the original group. 

Effect of betaine 

The addition of betaine hydrochloride to the 
original diet, a choline analogue, in doses of 50 
mgm. per rat daily, diminished the severity of 
the liver lesions, not as effectivel)'' as increased 
protein, but more so than diminished fat. The 
renal lesions were less severe than in rats receiv- 
ing the basal diet. Two of the 10 animals in this 
group failed to survive until the end of the ex- 
periment and were excluded from the tabulation 
in Table II. 

Addition of cystine 

The addition of l-c)’^stine, 10 mgm. per rat 
daily, aggravated the fibrotic lesions of the Iwer, 
and, in this group, there was the same marked 
variation in severity of cirrhosis as seen in the 


original group. In those animals which were af- 
fected, however, there was a tendency for the 
increase in periportal tissue to be more extensive 
than in those on the basal diet. The livers of 
these rats were larger than those of the original 
group and showed a surface covered with rounded 
nodules. Flistologically, large whorls of regen- 
erating liver tissue were seen and among them 
some multinucleate giant cells. The renal lesions 
in this group were relatively mild except in the 
case of one rat which exhibited very severe scar- 
ring. Two rats had ascites but no jaundice was 
observed. In 2 animals, neoplasms were found. 
One was a primaiy cancer of the right lung with 
metastases to the mediastinal nodes. It consisted 
of nests and cords of small round cells of varying 
sizes and shapes, with frecpient mitoses and niod- 
erateR rich connective tissue stroma. The sur- 
rounding lung tissue was compressed but no dis- 
tinct capsule could be made out. The other neo- 
plasm arose in the pancreas and consisted of tissue 
similar to that described above, with many mitotic 
figures, multinucleate cells, and widespread meta- 
stases. The 2 rats which suffered from neoplasms 
had relatively less severe renal and hepatic lesions 
than others in this group. One animal failed to 
survive the 150 day experimental period. 

Addition of betaine and cystine 

Addition of 50 mgm. of betaine hyclrochloiidc 
to the diet containing 1 -cystine prevented the veiy 
severe cirrhotic changes produced b}'^ cystine alone. 


TABLE II 




c 

.2 1 
D. 

S 

3 

tn 






Number with 
kidney lesions 

Type of diet 

Number of rat 

C 

O 

u 

•u 

o 

o 

*« 

^ Q 

>i 

•a 

o 

is 

*c 

^ 1 
1 1 

o 

.a 

15 

c 

(Z 

Liver weight 

Spleen weight 

Kidney weight 

c 

o 

Slight 

Moderate 

Severe 

Rasal 

10* 

gra tJis 

7.9 

grams 

346 

grams 

264 

grams 

11.2 

1 grams 
0.6 

grams 

1.8 

0 

5 

5 

0 

25 per cent casein . . 

10 

8.2 

368 

346 

11.4 

1.3 

2.8 

0 

9 

1 

0 

10 per cent fat 

Betaine 

5 


263 

195 

6.8 

0.5 

1.5 

1 

4 

0 

0 

8 


270 

183 

6.8 

0.5 

1.6 

3 

5 

0 

0 

Cystine 

Betaine and ev'stine 

9 


332 

233 

12.7 

0.8 

2.4 

0 

7 

1 

1 

9 


334 

217 

11.0 

0.8 

1.9 

9 

0 

0 

0 

Cholesterol 

5 


346 

233 

20.2 

1.3 

2.7 

0 

0 

3 

2 I 


Number with liver lesions 


Inereased fat 


Necrosis 


Cirrhosis 


Onh- male rats are included. 
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Fig. 4. Section of 
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Fig. 5. Section of 
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Renal lesions were absent in this group. Two 
animals showed nodular structures in the liver, 
about 1 cm. in diameter, which appeared to i)c 
hepatomas. The)'^ were surrounded b}' an ill- 
defined capsule of compressed liver tissue and 
were made up of multiple foci of cellular cords 
and clumps having no specific architectural ar- 
rangement. The clumps consisted of cells with 
nuclei arranged peripherally to the center at which 
there appeared to be a lumen. There were nu- 
merous mitotic figures and multinucicatc cells. 
No metastases were observed. Blood supply in 
these areas was rich, and the cells contained veiy 
little fat as compared to surrounding liver cells. 
One animal of this group failed to survive. 

Addition of cholesterol 

Two per cent cholesterol added to the original 
diet caused the most severe cirrhosis and the most 
uniform distribution of cirrhosis among all the 
various groups of animals. It also caused the 
most severe fat infiltration of the livers although 
necrosis was absent. The kidneys in this group 
showed very severe tubular necrosis and hemor- 
rhage. 


DISCUSSION 

It would seem reasonable to assume that the 
hepatic cirrhosis encountered in the i^resenl ex- 
periments may be attributed primarily to paren- 
chymal damage, and that an elucidation of the 
pathogenesis of the lesion would necessitate an 
explanation of the cause of the hepatic cell dis- 
solution. Protoplasm is undoubtedly subject to 
a constant state of equilibrium between protein 
synthesis and proteolysis. An}^ relative decrease 
in the former or increase in the latter could lead 
to a cellular disintegration which morphologically 
would consist of necrosis or atrophy. Of the var- 
ious body tissues which have been studied, the 
highest rates of intracellular proteolysis have been 
found in liver and kidney (15). The predilection 
of the present lesions for liver and kidney is there- 
fore correlated with the susceptibility of the cells 
of these organs to autoh sis. That a diet deficient 
in protein would promote autolysis seems quite 
reasonable inasmuch as the supph' of protein 
would be insufficient to support the counterbalanc- 
ing reaction of synthesis. The particular tend- 


ency of the liver to lose protein during fasting is 
brought out by the experiments of Addis, Poo, 
and Lew (16). The protective action of high 
])rotcin diets against liver damage by cliloroform 
(17) is further evidence of the importance of an 
adcciuatc protein su])])ly in the maintenance of 
liver cell integrity. 

Activation of proteolysis in liver hash has been 
extensively studied and it has been shown that 
this may be brought about by a number of means 
(15. IS). Briefly summarized, these are: the 
addition of SH containing compounds, of some 
heav}' metals, chiefly arsenic and manganese, of 
fats, of ])ho.sphorus. of some halides; and hr 
anoxia. It is therefore of interest to find that 
cirrhosis has been aggravated in the above e.xperi- 
ments by higb ca’stinc and fat dietaries, and has 
been produced in ex])erimental animals by arsenic, 
manganese, jdiosphorus, and organic halides (car- 
bon tetrachloride and chloroform) (19). 

Phenylhydrazine is known to produce cirihosis 
(19) and is also known to inhibit oxygen uptake 
by liver slices (20). With inhibition of ox)'gcn 
intake, the equivalent of a state of anoxia might 
exist and such a state would accelerate pioteo- 


lysis. 

The protection offered by molasses against tie 
liver cirrhosis cannot be adequately interpreted at 
this time, inasmuch as this product is a big’) 
complex mixture of plant extractives. 

With regard to the above described neoplasms, 
the evidence is not conclusive that they v cm 
more than isolated spontaneous occurrences m o e 
animals that happened to be on the high cystme 
diets. This, however, seems improbable becau- 
4 neoplasms occurred in 20 rats receiving c}stm 
plus basal diet, whereas in 200 other lats o 
same age, strain, and weight receiving othci dc^^' 
in these experiments, no neoplasms weie obsei'C ^ 
An etiological relationship between cin hosts 
the liver and hepatic neoplasms is suggestec 
the almost invariable coexistence of cin hosts ^ 
the presence of primary liver tumots tn t ^ 
Acceleration of the growth rate of pfc 
neoplasms in animals receiving high cysttne 
taries has been reported b}' Voegtlin (2 ) ‘ 
related by liim to his theories of the re%erstt 
of protein destruction in new growth and np^ 
trophy (22). 
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Renal lesions were absent in this groti]'). Two 
animals showed nodular structures in the liver, 
about 1 cm. in diameter, which a])])carcd to he 
hepatomas. They were surrounded by an ill- 
defined capsule of compressed liver tissue and 
were made up of multiple foci of cellular cords 
and clumps having no specific architectural ar- 
rangement. The clumps consisted of cells with 
nuclei arranged peripherally to the center at which 
there appeared to he a lumen. Tliere were nu- 
merous mitotic figures and multinucleatc cells. 
No metastases were observed. Blood su])])ly in 
these areas was rich, and the cells contained veiy 
little fat as compared to surrounding liver cells. 
One animal of this group failed to survive. 

Addition of cholesterol 

Two per cent cholesterol added to the original 
diet caused the most severe cirrhosis and the most 
uniform distribution of cirrhosis among all the 
various groups of animals. It also caused the 
most severe fat infiltration of the livers although 
necrosis was absent. The kidneys in this group 
showed very severe tubular necrosis and hemor- 
rhage. 

DISCUSSION 

It would seem reasonable to assume that the 
hepatic cirrhosis encountered in the present ex- 
periments may be attributed primarily to paren- 
chymal damage, and that an elucidation of the 
pathogenesis of the lesion would necessitate an 
explanation of the cause of the hepatic cell dis- 
solution. Protoplasm is undoubtedly subject to 
a constant state of equilibrium between protein 
synthesis and proteolysis. Any relative decrease 
in the former or increase in the latter could lead 
to a cellular disintegration which morphologically 
would consist of necrosis or atrophy. Of the var- 
ious body tissues which have been studied, the 
highest rates of intracellular proteolysis have been 
found in liver and kidney (15). The predilection 
of the present lesions for liver and kidney is there- 
fore correlated with the susceptibility of the cells 
of these organs to autol}sis. That a diet deficient 
in protein would promote autob^sis seems quite 
reasonable inasmuch as the supply of protein 
would be insufficient to support the counterbalanc- 
ing reaction of synthesis. The particular tend- 


ency of the liver to lo.se protein during fasting is 
brought out by the experiments of Addis, Poo, 
and Lew (16). The protective action of liigli 
protein diets against liver damage by chloroform 
(17) is further evidence of the importance of an 
adequate jirotein supply in the maintenance of 
liver cell integrity. 

Activation of proteolysis iti liver hash has been 
extensively studied and it has been shown that 
this ma\' be brought about by a number of nieaiis 
(15. 18). Briefly summarized, these are: tlie 
addition of SM containing compounds, of some 
heavy metals, chiefly arsenic and manganese, oi 
fats, of pliosphorus. of some halides; and h 
anoxia. It is therefore of interest to find that 
cirrhosis has been aggravated in the above experi- 
ments by liigh cystine and fat dietaries, and ba^ 


been ])roduced in experimental animals by arsenic, 
manganese, pliosphorus, and organic halides (car- 
bon tetracbloride and chloroform) (19). 

Phenylhydrazinc is known to produce ciirliosis 
(19) and is also known to inhibit oxygen uptake 
by liver slices (20). With inhibition of o.xigw 
intake, the equivalent of a state of anoxia niigd 
exist and such a state would accelerate pioteo 

lysis. . . 

The protection offered by molasses against tm 
liver cirrhosis cannot be adequately inter pretec a 
this time, inasmuch as this pi’oduct is a hig') 
complex mixtui'e of plant exti'actives. 

With regard to the above described neoplasn A 
the eA'idence is not conclusive that the} 
moi'e than isolated spontaneous occurrences m 
animals that happened to be on the high c}St 
diets. This, however, seems irnpi'obable 
4 neoplasms occurred in 20 rats receiving c} ^ 
plus basal diet, whereas in 200 other rats o 


same age, strain, and weight receiving ot ici 
in these experiments, no neoplasms wer e 
An etiological I'elationship between 
the liver and hepatic neoplasms is suggestec^ 
the almost invariable coexistence of 
the presence of primary liver tumors 
Acceleration of the growth rate of P^^ 
neoplasms in animals receiving high 
taries has been reported by Voegtiin ( 1 

related by him to his theories of the 
of protein destruction in new growth and I'l 
trophy (22). 
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SUMMARY 

A description has been given of necrosis and 
cirrhosis of the liver, and of renal necrosis, fibro- 
sis, and hemorrhage, among rats receiving diets 
poor in protein and choline, and rich in fat. 

The hepatic lesions were prevented by an in- 
crease in the protein content of the diet and by 
the addition of molasses. A reduction in the fat 
content diminished the severity of the lesions as 
did the addition of betaine. Cystine and choles- 
terol increased the severity of the fibrotic changes. 
The effect of cystine was ameliorated by betaine. 
Thiamin and riboflavin were without influence on 
the disease. Yeast prevented the lesions but its 
efficacy could be due to the extra protein and 
choline which it contributed. 

The renal lesions, like those of the liver, were 
prevented by brewer’s yeast and molasses. In- 
creased protein intake materially reduced the se- 
verity of the lesions, and thiamin and riboflavin 
again were without effect. A reduced proportion 
of fat in the diet, and the addition of betaine to 
the basal diet, decreased the severity of the lesions. 
Cystine alone had no effect on the lesions, although 
rats receiving cystine plus betaine showed no 
detectible kidney disease. Cholesterol exaggerated 
the lesions to a marked degree. 

Neoplasms occurring in 20 per cent of the rats 
receiving added cystine are described. 
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Varicose veins of the legs are known to have 
local secondary effects such as edema of the leg, 
eczema of the skin, ulceration and even hemor- 
rhage. Sequelae such as thrombosis and phlebitis 
of the enlarged veins may in turn cause pulmonary 
emboli with their distressing pulmonocardiac sjrnip- 
toms. However, vve can find no clear evidence 
in the medical literature that the pooling of blood 
in varicose veins leads to a decrease in the effi- 
ciency of cardiac and circulatory function.^ It is 
our intention to present here evidence, both clini- 
cal and physiological, indicating tliat such a form 
of circulatory embarrassment occurs in varying 
degrees in persons who have varicose veins. 

The failure in the past to recognize this tjqje 
of decrease in circulatory function may be due in 
part to the fact that the symptoms are usually 
moderate in nature and seldom lead to actual car- 
diac failure. However, fatigue, dyspnea, dizzi- 
ness, fainting and precordial distress are symp- 
toms that may trouble the patient in whom the 
heart is burdened to maintain its compensation. 
These symptoms should be recognized as possibly 
being the effect of pooling of blood in varicose 
veins. Surgical treatment of such patients should 
restore their hemodynamics toward normal and 
thus bring relief from their symptoms, provided 
that the heart has not been permanently damaged. 
In the aged and in those with known heart disease, 

^Near the completion of this work we discovered in 
the lectures of John Gay in 1867 (1) a description of a 
varicose old lady who described a correspondence be- 
tween the venous distention and her dyspnea. After sur- 
gical treatment her dyspnea was much relieved. Like- 
wise, in November 1940, Lee and Freeman (2) described 
circulatory disturbances produced by extenswe angiomata 
of the lower extremities associated with varicose veins. 
In one of their three cases, attacks of fainting on standing 
were prevented by the wearing of an .elastic stocking and 
finally saphenous ligation brought permanent relief of 
symptoms. 


the added burden from varicose veins 
enough to provoke severe sj-mptoms. 

The erect posture imposes a certain 
the circulatory system even in normal in 
The increased hydrostatic pressure in the 
in the lower parts of the body causes a 
of blood vessels and a local accumulation 
Asmussen, Christensen and Nielsen (3) 
timated that in normal persons standing 
cc. of blood or even more accumulate in 
Cktnsequent to such stagnation a smalle: 
of blood is available in the central veins 
back into the heart ; this decrease in veno 
lessens the filling of the heart and res 
decrease in the cardiac output when sts 
fall in blood pressure imder these condit 
be followed by a sudden increase in p 
which is probably accomplished via the 
sensitive zones in the aortic arch and th 
sinus and also by a compensatory contr; 
the blood vessels in the abdominal visce 
decrease in the cardiac output of normal, 
individuals has been observed by Asmus 
Grollman (4), and Sweeney and Mayer 
In fact, two normal subjects of Schne 
Crampton (6) became dizzy on quiet 
for fifteen minutes and one fainted. 

The idea that varicose veins could cau 
dyspnea, dizziness and precordial distre 
nated in the practice of medicine when o 
was consulted by a middle-aged woman 
health who complained of attacks of sz\ 
cordial pain on walking and sometimes oi 
standing. The clinical story suggested a 
coronary heart disease but careful exa 
of the heart disclosed no evidence of dis 
the roentgenogram and the electrocardio 
her heart were normal. The observatioi 
large varicose veins suddenly led to the i 
pooling in these veins might have causec 
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decrease in venous return to the heart that inade- 
quate filling of the heart resulted in a deficient 
coronary blood flow and so caused pain. Relief 
from this patient's symptoms was obtained by 
having her wear elastic stockings on both legs. 

With this experience in mind, we next inter- 
viewed a large number of persons with varicose 
veins of sufficient size to allow considerable venous 
pooling. Two hundred and fifty patients in 
the Out-Patient Department of the Massachusetts 
General Hospital, so afflicted, were questioned. 
The surprising result of this was to find that 47 
(18 per cent) of the 250 complained of undue 
shortness of breath that was relieved in the re- 
cumbent position; 19 of these 47 also suffered 
mild precordial pain, palpitation, or were uncom- 
fortably aware of their heart action, and 3 were 
women who experienced attacks of sudden dysp- 
nea, dizziness and precordial pain, simply on 
standing. These 47 patients were without gross 
signs of the known types of heart disease, although 
in some the blood pressure was slightly elevated. 

With this background in clinical evidence, we 
next turned to the laboratory for data that might 
explain these symptoms and also the changes that 
occur in the circulation of persons with large 
varicose veins. 

METHODS 

In, this investigation we had planned to observe 12 
normal persons and 24 patients with varicose veins, 12 
of whom had symptoms such as described here and then 
repeat our studies after operative procedures to obliterate 
the venous reservoirs. ' However, certain practical con- 
siderations, including the sudden return of one of us 
(E. A.) to Denmark, have allowed us to complete our 
observations on only 7 normal and 12 varicose subjects. 
Of these 12, 5 had the symptoms mentioned; 7 returned 
for study after operation and 4 of these were with 
symptoms. 

We first obtained normal, untrained subjects and con- 
firmed the previous observations of Grollman, Asmussen, 
and Mayerson that the change from the recumbent to 
the upright position causes a decrease in the cardiac 
output in the tilted position. Conversely, Schneider and 
Crampton observed an increase in the cardiac output in 
changing from quiet standing to the recumbent position. 
Seven normal subjects were taken to the laboratory in 
the morning in a fasting state and placed in a recumbent 
position on a tilt table. After a rest period, the basal 
metabolic rate, vital capacity, pulse rate and blood pres- 
sure were measured. An estimation of the arteriovenous 
oxj'gen difference was made by the Grollman acetylene 


method (taking the samples at intervals of 18 and 23 
seconds) , and the cardiac output was computed from the 
basal oxygen consumption and the A-V oxygen difference. 
The subject then was tilted passively to a 45® angle and 
the observations were repeated. In most subjects an 
electrocardiogram was taken in both positions. 

Twelve patients with rather large, untreated varicose 
veins were then studied ; 5 of these 12 had the symptoms 
mentioned before, chiefly dyspnea and dizziness, and 1 
woman described particularly severe attacks of shortness 
of breath, dizziness and fainting on getting suddenly out 
of bed. 

Finally, 3 to 17 months after these patients had had 
high saphenous ligations and injections of sclerosing 
solutions for their varicose veins, we succeeded in getting 
7 of them back to the laboratory and repeated our ob- 
servations. The upper photographs of Figure 1 show 
the subject P. D. with large varicose veins; the lower 
photographs show his legs 6 months after this treatment. 

RESULTS AND DISCUSSION 

In our patients with varicose veins it is evident 
that an amount larger than 500 cc. of blood ac- 
cumulates in their veins during standing and walk- 
ing. Consequently, the same physiologic -responses 
could be expected but in a greater order of magni- 
tude. We likewise observed this decrease in the 
cardiac output in the tilted position of our norma! 
but untrained subjects. The accompanying data 
best illustrate these responses. We did not un- 
dertake to estimate the amount of blood in the 
veins of the legs for several reasons. Fifst, 
plethysmographic methods necessitating pressure 
about the thigh would necessarily introduce an 
error, and second, the approximate knowledge o 
the amount pooled in no way explains the physio- 
logic response ; it only indicates the degree of t le 
response. 

Figure 2 shows that the 7 normal subjects were 
practically the same age as the patients and that 
our results agree satisfactorily with the norma 
values established by Grollman and by Asmussen, 
Christensen and Nielsen. The cardiac index (car 
diac output per square meter of body surface) is 
not only constant under fixed conditions but i 'O 
the basal metabolism is predictable, according to 
Grollman, for normal individuals. It will be note 
that the cardiac index and the stroke volume are 
higher than normal when subjects with varicose 

~ The stroke volume is the amount of blood 
with each systole and its value multiplied by t e pu 
rate gives the cardiac output in liters per minute. 
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Fig. 2. Circulatory Functions of Normal Subjects Compared With Patients With Varicose Veins 


veins are recumbent. The reason for this may 
be that zvith varices there is a greater blood vol- 
ume and so in the recumbent position a greater 
amount of blood returns to the heart. This is 
suggested by the high average blood volume of 
3.30 liters per square meter of body surface, com- 
pared with the normals established by Gibson and 
Evans (7) using the same technique. Their val- 
ues for normal males were 2.93 and for females 
2.53. Our high value indicates an added load 
in the circulation. 

From Figure 2 it is also evident that on tilt- 
ing these subjects and filling their varicose veins 
the cardiac output fell about four times as much 
as it did in the normal subjects and the systolic 
blood pressure was somewhat lowered but never 
enough to suggest a postural hypotension. Pos- 
sibly it is this comparatively great fall from a 
higher than normal level of cardiac output which 
causes the symptoms described here. Kerr (8) 
described relief of dyspnea and anginal pain by 
having his patients with a pendulous abdomen 
wear an abdominal belt. The situation may be 
analogous with the pooling of blood in the legs 
in one case, and in the abdominal cavity in the 
other. When tilted, the average cardiac indices 
in the normal persons and in those with varicose 
veins, both before and after operation, were still 
within the normal range (Table I). However, 
analysis of individual responses shows that in 
4 of 6 patients the cardiac output in the tilted 


position is definitel}'^ lowered after the treatment 
for the varicose veins. This further supports the 
explanation that an actual reduction of the load 
in the circulation was accomplished by removal 
of tbe venous reservoir, and could explain the 
clinical fact that many patients note fewer symp- 
toms of fatigue after the obliteration of their 
engorged veins. 

Figure 3 shows the measurements of circulator) 
functions that were made several months after 
corrective operations for the varicosities of 
subjects. In all but 1 subject (F. B.) higi 
cardiac indices had been present and aftei re 
moval of their venous reservoir this value becaine 
normal in 2 and lower in 2 ; also in 6 of the 7, t f 
blood pressure when recumbent was lowerec- 
Likewise the decreases in stroke volume and h oo^ 
pressure on tilting became much less in all except 
subjects. From the last column it can be note 
that the increase in pulse rate on tilting became nor 
mal in all but these same 2 after operation. I 
2 subjects deserve particular comment, hl.h ac ^ 
had symptoms of dyspnea and dizziness and o t 
fainted if she got out of bed and stood up su^^ 
denly. Following saphenous ligations she ha r 
further such attacks and the decline in ^ 
volume on tilting was less. However, mo era 
A'^arices in her right leg persist. The other^ su 
ject, F. B., was an obese fireman who continu 
to be obviously short of breath on effort ah 
he denied symptoms; tilting him occasione 


TADLE I 

Sliowhii; till the data in this investiRation 



Patients with syinptoins. 0 = clcclvocardiogvaphs taken in both positions, 
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Fig. 3. Circulatory Functions Before and After Saphenous Ligation for Varicose Veins 


great fall in stroke volume but this was compen- 
sated by a considerable increase in the pulse rate. 
The explanation for both these subjects ma}'^ be 
that the obliteration of the varices is incomplete. 

Table I contains all the data in our investiga- 
tion and from this we have prepared Figures 2 
and 3. Referring to Table I one notes that the 
changes in blood volume per square meter of body 
surface suggest that less blood is actually present 
in circulation after the venous reservoirs are re- 
moved, however, this comparative data is too 
limited for interpretation. The vital capacity of 
these subjects showed no consistent changes. 
Electrocardiograms were done in the recumbent 
and tilted positions on the 7 subjects indicated. 
There was a slight lowering of the T-wave in 
Lead II in the tilted positions of T. S. and 
F. K., a known physiologic change (9). How- 
ever, in S. D. there was marked lowering of 
Ti and To and slurring of QRSo and fifteen 
minutes after the graph was taken she fainted 
and the blood pressure became unobtainable. This 
may have been a reaction to postural hypotension 
as an exa^^gerated response to her peripheral pool- 
ing. In a recent careful study of 3 patients with 
postural hypotension, Stead and Ebert (10) did 
not state that their subjects were without varicose 

veins. 


Probably the most significant observation 
made was the increase in pulse rate on tilting. 
Comparison of the two last columns in Figure 3 
indicates this response. The definite rise in puke 
rate on tilting is of course a compensatory mecha- 
nism to offset the fall in stroke volume and to 
maintain the cardiac output, T^^ average in 
crease in pulse rate of all 7 before ligating the 
veins is twice that after ligation. By application 
of the previous formula,® this indicates to ns that 
rculatory efficiency has been definitely increasec 


cir 


by removal of the blood pool in the varicose 


veins. 


CONCLUSIONS 

We believe that undue fatigue, shortness of 
breath, dizziness, fainting, and precordial dis 
tress may be occasioned by the pooling of hloo 
in varicose veins. These clinical investigations 
offer evidence that the circulatory efficiency 's 
decreased by such extensive pooling and that re 
moval of this peripheral blood resen^oir restores 
the hemodjmamics of the subjects toward norma 
and relieves their symptoms. 


We are indebted to Dr. W. H. Forbes for doing tbe 
blood volume determinations and bis advice. 


See footnote 2. 
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•PROTOCOLS 

Case !.■* E. C.: A 44-ycar old woman managing a 
mi. - She had bilateral' varicose veins for at least 12 
irs and complained of some undue shortness of breath, 
;igue, and occasional dizzj’ spells while at work. Fol- 
ving ligation and injection she isms greatly improved 
i noted less fatigue and shortness of breath. 

Case 2. T. S.: A 65-year old gardener who said his 
ricose veins had been present for 35 years. They were 
rticulady large on the left side and extended to the 
oin. He denied discomfort in any way. 

Case 3. S. D.: A 40-year old Polish housewife who 
d bilateral varicose veins for 7 years. She spoke little 
iglish, but no history of dyspnea, dizziness, or fainting 
IS obtained. However, on tilting her she had a fall in 
x)d pressure and fainted, making further study im- 
ssible. 

Case 4. B. A.: A 53-year old Hebrew storekeeper 
th large bilateral varices of 7 years duration. He 
irked standing each day and denied symptoms except 
me aching in the legs. However, he wore supportive 
ndages most of the time. 

Case 5. F. K.: A 36-year old meat smoker (the man 
the glass house at the World’s Fair) who for 3 years 
d huge varicose veins reaching both knees. He denied 
mptoms but after operation he observed that he could 
en walk 5 to 10 miles without fatigue or shortness of 
eath. 

Case 6. G. B.; A 43-year old housewife who for 19 
ars had large varicosities of both legs, more extensive 
I the right where they reached the groin. She com- 
ained of undue shortness of breath and often sighed 
avily and was frequently dizzy. Following ligation and 
jection she was greatly improved and had a greater 
lerance for work. 

Case 7. M. MacD. : A 50-year old housewife who had 
rge varicose veins coursing up both legs to the groin, 
or 20 years these had troubled her. She complained of 
lortness of breath and also of sudden attacks of pre- 
irdial pain and dizziness when she got out of bed and 
ood up. On several occasions she had fallen in a faint, 
fter ligation of her veins she was greatly improved 
id no longer had such attacks. However, moderate 
irices in the right leg persisted. 

Case 8. R. B.: A 48-year old Polish hpusesvife who 
id bilateral varicose veins of 10 years duration. She 
id not complain. 

Case 9. A. M. : A 47-year old Russian emigre woman 
ith large varicosities extending above both knees. 


*We consider cases 1, 3, 6, 7, and 12 to have the 
l-’mptoms described. 


These had been present many years and she had no 
cardio-respiratory symptoms. 

Case 10. M. N. : A 55-year old Irish workman who 
had had a large pattern of varicose veins extending 
above his knees for the previous 20 years. He was a 
tense, restless fellow smoking 40 cigarettes daily and 
denying symptoms referable to his circulatory system. 

Case 11. P. D.: A 64-year old retired fireman with 
the varicosities shown in Figure 1. He was without 
particular complaint, but said he felt better and fatigued 
less after their obliteration. 

Case 12. F. B.: A 39-year old obese railroad fireman 
who had bilateral varicosities for 20 years. They were 
larger on the right and reached above the knee. He 
denied symptoms but was obviously short of breath on 
slight effort. 
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INTRODUCTION 

Abnormalities of thiamin excretion are ob- 
sert'ed chiefly in patients in whom the diagnosis 
of deficiency is fairly obvious on the clinical 
grounds of history and physical examination (1 
to 4). The deviations from normal excretion in 
individuals suffering from mild or subclinical de- 
ficiency are usually equivocal. These observa- 
tions suggest that the changes in tissue thiamin 
concentrations in human deficiency are not great 
or that the changes which occur have a relatively 
slight effect upon the urinary excretion of this 
vitamin. In the following study, the concentra- 
tions of thiamin in human tissue have been deter- 
mined and the variations observed have been 
compared with the changes found in thiamin 
excretion in individuals with overt deficiency. 
Supplementary animal experiments have per- 
mitted direct observation of the relationship be- 
tween tissue changes and changes in vitamin 
excretion. 

METHODS 
a. Tissue analyses 

The thiochrome method has been used essentially as in 
earlier studies of the thiamin content of tissues (5). The 
small amount of thiamin in human tissue has required 
the extraction of somewhat larger quantities of tissue and 
has proportionally increased the error due to the inclu- 
sion of irrelevant fluorescent materials in the final thio- 
chrome measurement. 

Human tissues are finely divided in a Waring Blendor. 
Five gram aliquots are extracted with SO milliliters of 
0.1 normal sulfuric acid for 1 hour at 100 degrees centi- 

2 Aided by a grant from the R. R. Williams and R. E. 
Waterman Fund for the Investigation of Nutritional 
Disease, Research Corporation, Nciv York City. 

* Feesent Address : Laboratory of Dental Medicine, 
Hariiard School of Dental Medicine, Boston, Massa- 
chusetts. 


grade v/ith an occasional stirring. The pH is adjusted 
to 4.5 with sodium acetate and the extracts are cooled and 
centrifuged. The solid material is discarded and the 
supernatant is incubated overnight at 37 degrees centi- 
grade with 1 gram of takadiastase to complete hydrolysis 
of the cocarboxylase. Five milliliter aliquots of the in- 
cubated extract are treated with alkaline ferricyanide, 
and the thiochrome extracted with IS milliliters of bo- 
butyl alcohol. The concentration of thiochrome in the 
butanol is estimated with a photoelectric fluorometer. 

Calculations of the thiamin content of the tissues are 
based upon the recovery of thbmin obtained in duplicate 
aliquots of extract to which known amounts of thiamin 
have been added. The errors in the method are of the 
order of minus IS per cent, due to incomplete extraction 
of thiamin from the tissue, and plus 30 per cent, due to 
inclusion of irrelevant fluorescent materials in the final 
thiochrome measurement These errors may be decreased 
by repeating the extraction procedure and by using per- 
mutit columns to diminish the amount of irrelevent fluo- 
rescent material (6, 7). 

b. Urine analyses 

The thiochrome method has been used essentially as in 
earlier studies of thiamin excretion (7). 

All patients and animals are fasted overnight before 
being tested. 

Urine collections of short duration in animals arc 
secured by tying the urethra under novocaine anesthesia 
at the beginning of the collection period. At the con- 
clusion of the experiment the animal is killed by decapi- 
tation, the bladder is removed in toto, and the urine trans- 
ferred to a small collecting vessel. Urine collections of 
greater duration than 4 hours are obtained by the use of 
small metabolism cages. 

For tolerance tests in patients, a base line of excretion 
is established from a urine specimen taken immedbtely 
preceding the test. In animal experiments, the base line 
is estimated from the excretion observed in control ani- 
mals, normal and deficient, that have been given saline or 
water instead of vitamin. 

For the per oram test in man, 5 milligrams of thiamin 
hydrochloride are administered with the mid-day meal. 
The procedures for parenteral tests in man are indicated 
in Table V. 
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TABLE ni 

Concentration of thiamin in human tissue 


Calculations expressed as micrograms thiamin per gram tissue. 



Arc In years 

Sex 

Heart 

Skeletal 

mu*de 

Liver 

Kidney 

cortex 

1 Cerebral 
! cortex 

Remarks 

Presumably 

0 

Female 

1.8- 

1.4 

mam 



6 months fetus 

normal 

0 

Female 

1.8* 

1.5* 


1 0.9* 

0.5* 

8 months fetus 

indhuduals 

10 

Male 

3.5 

1.2 


2.1 


Food in stomach, trau- 









matic death 


30 

Male 

2.4 

0.4 

1.0 

1.8 

1.1 

Negro, traumatic death 


52 

Male 

2.0 

! 0.4 

1.2 

1.3 

0.8 

Traumatic death, survived 



i 




24 hours 

Patients 

0 

Female 


1.3* 



0.3* 

Omphalocele 

with good 

0 

Female 

3.5 

2.7 

1.5 

2.8 


Meningoencephalocele 

nutrition 

7 weeks 

Male 





0.6* 

Pneumonia 2 weeks 


10 months 

Female 

3.3 

1.6 


3.1 


Fulminating sepsis 


5 years 

Male 

3.2 

1.0 

1.1 

1.4 


Leukemia 6 months 


' 6 

Female 

3.8 


1.9 

1.9 

1.0 

Neuroblastoma of adrenal 


37 

Male 


0.4 

1.0 

1.0 


Brain tumor 


48 

Male 

2.4 

0.5 

1.4 

IJ 


Cerebral metastases 


51 

Male 

2.3 

0.4 

1.1 

1.7 

1.0 

Brain tumor 


58 

Male 

1.7 

0.4 

1.1 

1.0 

LI 

Brain tumor 


61 I 

Female j 

1.9 

0.4 

1.0 

1.3 

1.0 

Brain tumor 

Patients 

26 

Male 

U 

0.4 


1.2 


Acute rheumatic carditis 

■with/afr 

47 

Female 

1.4 

0.2 1 


0.7 


Heart failure with anasarca 

nutrition 

50 

Male 

1.9 

0.5 j 

mm 

1.2 

1.0 

Alcoholic coma, icerebral 
injury 

Cirrhosis, gastric hemor- 
rhage 

Calcified aortic valve, car- 


54 

Male 

U 

0.2 

1.0 

1.2 



68 

Male 

1.4 

0.4 

1.0 

1.0 









diac failure 

Patients ' 

34 

Female 

0.9 

0.2 

0.7 

1.0 


High cord injury, sepsis 

with poor 
nutrition 








3 j months 

37 

Male 

O.S* 

0.1* 

0.5* 

0.5* 

0.6* 

AlcohoHsm, tuberculosis 


38 

Female 

0.6 

0.0 

0.3 

0.4 

0.5 

Active tuberculosis of spine 









and adrenals; high fever 


49 

Female 

0.5 

0.1 

0,6 

1 

0.3 

1 


Lymphosarcoma, uremia; 
high fever for 3 weeks 


* Permutit column analyses. 


The thiamin concentrations observed in adult 
patients, after the administration of large quanti- 
ties of thiamin, are presented in Table IV. The 
concentration in some tissues appears higher than 
the usual normal. 

b. Thiamin excretion in patients 

The tendency of thiamin deficient patients to 
excrete less thiamin than normal subjects is il- 
lustrated in Table V. Since the observations were 
made on patients with different degrees of de- 
ficiency, the sensitivities of the various tests can- 
not be compared. 

The effect of a restricted intake of thiamin, 300 
micrograms per day, was studied in an ambulatory 
psychiatric patient in good physical and fair men- 


tal condition. The daily excretion of thiamin fell 
promptly from an initial level of 60 micrograms 
to a level of 5 to 10 raicrograms. The excretion 
of parenterally administered vitamin changed but 
little. At the beginning of the experiment, 5 per 
cent of a subcutaneous tolerance test of 200 micro- 
grams was excreted in 4 hours. Two days later 
11 per cent of a subcutaneous test of 600 micro- 
grams was excreted in 4 hours. After 2 weeks 
of deficient diet the tests were repeated. Four 
per cent of the 200 microgram test was excreted 
and 10 per cent of the 600 microgram test. The 
excretion of orally administered thiamin, on the 
other hand, had become frankly abnormal. Less 
than 10 per cent of a 5 milligram test was ex- 
creted in a 24 hour period (2). With the ad- 
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For the per oram test in animals, 160 micrograms of 
thiamin and 160 micrograms of riboflavin arc adminis- 
tered by stomach tube in 4 milliliters of water. Urine is 
collected for 24 hours, the animals fasting, with water 
ad lib. For the subcutaneous test, 40 micrograms of 
thiamin and 40 micrograms of riboflavin arc injected 
subcutaneously in the right axilla in 1 millilter of nor- 
mal saline solution. Urine is collected for 3^4 hours, the 
animals fasting, with water ad lib. For the intravenous 
tolerance test, 40 micrograms of thiamin and 40 micro- 
grams of riboflavin are injected intravenously in 1 milli- 
liter of normal saline solution. Four milliliters of water 
are administered by stomach tube and urine is collected 
for 1% hours. Control experiments indicate that these 
periods are sufficient to permit the excretion of thiamin 
to return to the basal level. Measurement of riboflavin 
excretion (8) serves in the tests as a control for variables 
of absorption and renal function. 

c. Diets 

The deficient diet used in the study of the psychiatric 
patient was the basal diet without supplementary vita- 
mins, described by Williams et al. (9). 

The control diet for the animal experiments was that 
described by Peters and Rossiter (10), except that auto- 
lyzed yeast (Vegex) was substituted for their dried 
yeast. The deficient diet was obtained by autoclaving the 
autolyzed yeast for 2 hours at 20 pounds pressure before 
mixing it with the other ingredients. 


TABLE I 

Comparison of yeast fermentation method and thiochom 
method of determining the thiamin content of human tism 

Calculations expressed as micrograms thiamin per gram 
fresh tissue. 


Heart 

Brain 

Liver 

Kidney 

Skeletal 

musde 

X* 

Yt 

T 

Y 

T 

Y 

T 

Y 

1 

T 

y 





1.4 

1.3 




0.3 

1.4 

2.2 



1.0 

0.9 

1.0 

1.1 

0.4 





1.2 

0.8 



0.5 

0.4 

1.9 

3.1 

1.0 

1.2 

1.0 

1.1 

1.3 

1.5 

0.4 

0.5 

2.2 

3.0 









1.9 

3.0 









1.9 

1.9 









3.5 

3.6 









2.0 

2.5 

1.2 

1.3 





1.8 

1.2 

3.5 

2.8 







2.3 

2.3 









4.9t 

4.91 









2.0 

1.8 









1.2 

1.1 









1.1 

1.1 









1.7 

2.0 









2.7 

3.6 









4.1 

4.2 



2.4 

2.0 





■ 1.4 

1.0 






1 




* T = Thiochrome method, 
t y = Yeast fermentation method. 

I S.O by rat curative assay, done through the L 
Dr. W. L. Sampson, Merck Institute for Therapeutic w 
search, Merck and Company, Rahway, New Jersey. 


RESULTS 

a. Thiamin content of human tissues 

A comparative study v^ith the yeast fermenta- 
tion method (11), in which the sources of error 
are different from those in the thiochrome tech- 
nique, has verified the approximate validity of the 
thiamin analyses (Table I). • 

A study of the effect of post-mortem autolysis 
upon the thiamin content of tissues has failed to 
show significant change, plus or minus 10 per 
cent, following 24 hours’ incubation at 37 degrees 
centigrade, or 48 hours’ preservation at 0 degrees 
centigrade. Corroborative evidence for the va- 
lidity of post-mortem analyses is obtained from 
a comparison of autopsy and biopsy analyses of 
brain and muscle of human subjects (Table II). 

The range of thiamin concentrations found in 
human tissues is illustrated in Table III. The 
patients have been grouped on the basis of their 
probable nutritional status as judged by clinical 
circumstances and dietary histories. In general 
the concentrations of thiamin found in the tissues 
are in agreement with the grouping. Tissues 


TABLE n 

Comparison of concentrations of thiamin found in human 
tissues at operation and autopsy 


Tissue 

Source , 

Thiamin per 
gram tissue 

Brain 

Autopsy 

micrograms 

1.1 

1.2 . 

0.6 

0.4 

0.5 

0.4 

Brain 

Biopsy 

Skeletal muscle 

Autopsy 

Skeletal muscle 

Autopsy 

Skeletal muscle 

Biopsy 

Skeletal muscle 

Biopsy 


from young individuals appear to contain nior^ 
thiamin per gram than do tissues from o ^ 
persons. A possible exception is cerebral cortica 
tissue which in immature infants contains ve 
little thiamin (12). 

Symptoms of thiamin deficiency were 
nized in only one patient in Table III. 
group with poor nutrition, the alcoholic wit i 
berculosis complained of pain and paresthesia 
the lower extremities during the period w en 
was still ambulatory. The other patients w 
not ambulatory at a time when exercise m g 
have produced symptoms of deficiency. 
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TABLE m 

Conuntration of thiamin in human tissue 


Calculations expressed as micrograms thiamin per gram tissue. 


Subject 

Age In years 

Sex 

Heart 

Skeletal 

muscle 

Liver 

Kidney 

cortex 

Cerebral 

cortex 

Remarks 

Presumably 

0 


1.8- 

1.4 

1.1 



6 months fetus 

normal 

0 


1.8* 

1.5* 

0.9* 

0.9* 

0.5* 

8 months fetus 

indiwduals 

10 


3.5 

1.2 

1.4 

2.1 


Food in stomach, trail- 









matic death 


30 


2.4 

0.4 

1.0 

1.8 

1.1 

Negro, traumatic death 


52 

Male 

2.0 

0.4 

1.2 

1.3 

0,8 

Traumatic death, survived 




. 





24 hours 

Patients 

0 

Female 

pm 

1.3* 



0.3* 

Omphalocele 

■with good 

0 

Female 


2.7 

1.5 

2.8 


Meningoencephalocele 

nutrition 

7 weeks 

Male 



1.3 


0.6* 

Pneumonia 2 weeks 


10 months 

Female 


1.6 

1.1 

3.1 


Fulminating sepsis 


5 years 

Male 


1.0 

1.1 

1.4 


Leukemia 6 months 


6 

Female 

3.8 


1.9 

1.9 

1.0 

Neuroblastoma of adrenal 


37 

Male 


0.4 

1.0 

1.0 


Brain tumor 


48 

Male 


0.5 

1.4 

1.3 


Cerebral metastases 


51 

Male 


0.4 

1.1 

1.7 

1.0 

Brain tumor 


58 

Male 

1.7 

0.4 

1.1 

1.0 

1.1 

Brain tumor 


61 

Female 

1.9 

0.4 

1.0 

1.3 

1.0 

Brain tumor 

Patients 

26 

Male 

1.3 

0.4 

0.7 

1.2 


Acute rheumatic carditis 

■with fair 

47 

Female 

1.4 

0.2 

0.7 

0.7 


Heart failure with anasarca 

nutrition 

50 

Male 

1.9 

0.5 

1.1 

1.2 

I.O 

Alcoholic coma, Pcerebral 









injury 


54 

Male 

1.3 

0.2 

1.0 

1.2 


Cirrhosis, gastric hemor- 









rhage 


68 

Male 

1.4 

0.4 

1.0 

1.0 


Calcified aortic valve, car- 









diac failure 

Patients ' 

34 

Female 

0.9 

0.2 

0.7 

1.0 


High cord injury, sepsis 

with poor 








3 j months 

nutrition 

37 

Male 

0.5* 

0.1* 

0.5* 

0.5* 

0.6* 

Alcohoh'sm, tuberculosis 


38 

Female 

0.6 

0.0 

0.3 

0.4 

0.5 

Active tuberculosis of spine 









and adrenals; high fever 


49 

Female 

0.5 

0.1 

0.6 

0.3 


Lymphosarcoma, uremia; 
high fever for 3 weeks 


• Permutit column analyses. 


The thiamin concentrations observed in adult 
patients, after the administration of large quanti- 
ties of thiamin, are presented in Table IV. The 
concentration in some tissues appears higher than 
the usual normal. 

b. Thiamin excretion in patients 

The tendency of thiamin deficient patients to 
excrete less thiamin than normal subjects is il- 
lustrated in Table V. Since the observations were 
made on patients with different degrees of de- 
ficiency, the sensitivities of the various tests can- 
not be compared. 

The effect of a restricted intake of thiamin, 300 
micrograms per day, was studied in an ambulatoiy 
p^chiatric patient in good physical and fair men- 


tal condition. The daily excretion of thiamin fell 
promptly from an initial level of 60 micrograms 
to a level of 5 to 10 micrograms. The excretion 
of parenterally administered vitamin changed but 
little. At the beginning of the experiment, 5 per 
cent of a subcutaneous tolerance test of 200 micro- 
grams was excreted in 4 hours. Two days later 
11 per cent of a subcutaneous test of 600 micro- 
grams was excreted in 4 hours. After 2 weeks 
of deficient diet the tests were repeated. Four 
per cent of the 200 microgram test was excreted 
and 10 per cent of the 600 microgram test. The 
excretion of orally administered thiamin, on the 
other hand, had become frankly abnormal. Less 
than 10 per cent of a 5 milligram test was ex- 
creted in a 24 hour period (2). With tlie ad- 
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TABLE IV 


Concentration of thiamin in tissues of patients receiving thiamin therapy 


Calculations expressed as micrograms thiamin per gram fresh tissue. 


Age in 
years 

Sex 

Heart 

Skeletal 

muscle 

Liver 

Kidney 

cortex 

Cerebral 

cortex 

59 

Male 

2.6 

0.8 

1.3 

2.1 


76 

Female 

1.3 

0.7 

1.2 

1.2 


75 

Male 

2.3 





40 

Female 





1.2 

18 

Female 

4.9 





38 

Male 

4.3 


2.4 




Remarks 


Carcinomatosis. 10 mgm. thiamin 
intravenously, each day ai 25 
Carcinoma of mouth. 3 mgm. thia- 
min by mouth for 3 weeks, none 
for 2 weeks . 

Carcinoma of stomach; cachexia, 
B complex intramuscularly for 10 


days 

Cerebral tumor. 10 mgm. Bi by 
mouth, each day, for 1 week 
Encephalitis? 50 mgm. thiamin 
each day, 3 weeks; 100 mgm, nico- 
tinic acid each day, for 1 weeK, 
up to day of death 
Eirrhosis. 30 grams Brewer s yeast 
each day, 30 days; 20 mgm. Bi 
intramuscularly or subcutaneously 
each day, 21 days; 5 cc. 
pvtrart intramuscularly weekly up 


TABLE V 


A comparison of the amounts of thiamin excreted by normal 
individuals and by individuals whose diets have been 
deficient in thiamin 


Micrograms thia- 
min excreted 

Type of test 

Normal 

subjects 

Deficient 

subjects 

150 

44 

24 hour excretion. 

109, 

20 


283 

0 


252 

IS 

24 hour excretion following subcutaneous 

280 

50 

injection of 0.5 mgm. Bi to normals and 

230 


1.0 mgm. Bi to deficients. 

206 

78 

3 hour excretion following intramuscular 

136 

52 

injection of 1 mgm. Bi and Bj. 

315 

250 

1 hour excretion following intravenous 

300 

250 

injection of 1.2 mgm. Bi and B 2 . 

350 

150 


Per cent of toler- 


ance test excreted 


Normal 

Deficient 

Type of test 

subjects 

subjects 


22 

9 

1 hour excretion following intravenous 

26 

6 

injection of 0.02 mgm. Bi and B* per 

25 

12 

kgm. body weight. 

22 

21 




ministration of repeated 5 milligram tests, the 
excretion of orally administered thiamin gradually 
returned to normal (Figure 1). 


Micrograms B] 
excreted in urine 



Midday Meal . 

The lower limit of normal for this type of test 
excretion of about 500 micrograms (2). 


c. Thiamin content of rat tissues 
The effect of a thiamin deficient diet upon t e 
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v1icrO(jrams Bi 
per gram tissue 


Micrograms Bi 
per gram tissue 



Fig. 2. Emrcr or Thiamik DEnaEXT Diet upon 
Concentration of Thiamin in Liver of Rats 


Microqrams B| 
per jjram tissue 



Fig. 3. Effect of Thiamin Deficient Diet upon 
Concentration of Thiamin in Kidney of Rats 


12 

9 


A O 

^ X ^ o° 
X 5 ~ 

X 
X 




6 

3 


x-sfock dief 

• -deficient diet plus yeast 
A- deficient diet plus Bl indnnking water 
D- deficient diet I week, Bl'm drinking 
water second and third weeks 


Weeks 0 3 4 

Duration of diet 


Fig. 4. Effect of High Thiamin Diet upon 
Concentration of Thiamin in Liter of Rats 


Microqrams Bi 
per gram tissue 


9 


X stock diet 

• deficient diet plus yeast 
adeficient diet plus B|/n drinking viatcr 
odeficient diet 1week,Bi in drinking 
water second end third v/eeks 



thiamin content of the livers and kidneys of 180 
gram male Wistar rats is illustrated in Figures 2 
and 3. Muscle concentrations also fell from I 
microgram per gram to 0,5 microgram after 2 
weeks of deficient diet. Symptoms of thiamin 
deficiency were not observed until the third week. 

The effect of thiamin administration is illus- 
trated in Figures 4, 5, and 6. In normal animals 
little increase in thiamin concentrations occurs 
(Figures 4 and 5). In deficient animals, the 
thiamin concentrations promptly return to normal 
(Figure 6). 


Weeks 0 3 4 

Duration of diet 


Fig. 5. Effect of High Thiamin Diet upon Concen- 
tration OF Thiamin in Rtoney of Rats 


Differentiation of the normal animals from the 
deficient animals by means of these tests is gen- 
erally possible. The chief confusion occurs when 
the intravenous test is applied to severely deficient 
animals that have lost 50 per cent of their body 
weight (Figure 7). 


d. Thiamin excretion in rats 
^ In Figures 7 and 8 and in Table VI, the excre- 
tion of thiamin by normal animals is compared 
wiA the excretion of thiamin by thiamin deficient 
animals following tolerance tests of various types. 


DISCUSSION 

Our estimations of the concentrations of thia- 
min in rat tissues and their variations with diet 
are in agreement with observations made by other 
investigators (10, 13, 14). In the case of human 
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TABLE IV 


Concentration of Ihianiin in iissnes of patients receiving thiamin therapy 
Calculations expressed as micrograms thiamin per gram fresh tissue. 


Age in 
years 

1 Sex 

1 

Heart 

Skeletal 

muscle 

Liver 

Kidney | 
cortex 

Cerebral 

cortex 

59 

Male 

2.6 

0.8 

1.3 

2.1 


76 

Female 

1.3 

0.7 

1.2 

1.2 


75 

Male 

2.3 





40 

Female 





1.2 

18 

Female 

1 

4.9 





38 

Male 

4.3 


2.4 




Remarks 


Carcinomatosis. 10 mgra. thiamin 
intravenously, each day ad 25 
Carcinoma of mouth. 3 mgm. thia- 
min by mouth for 3 weeks, none 
for 2 weeks 

Carcinoma of stomach; cachexia. 
B complex intramuscularly for 10 
days 

Cerebral tumor. 10 mgm. by 
mouth, each day, for 1 week _ 
Encephalitis? 50 mgm. thiamin 
each day, 3 weeks; 100 mgm. mo> 
tinic acid each day, for 1 week. 


up to day of death 
:irrhosis. 30 grams Brewer s yeast 
each day. 30 days; 20 mgm. fii 
intramuscularly or subcutaneously 
each day, 21 days; 5 *iw 
extract intramuscularly weekly up 
to 2 davs before death 


TABLE V 


A comparison of the amounts of thiamin excreted by normal 
individuals and by individuals ■whose diets have been 
deficient in thiamin 


Micrograms thia- 
min excreted 

Type of test 

Normal 

subjects 

Deficient 

subjects 

150 

44 

24 hour excretion. 

109. 

20 


283 

0 


2S2 

15 

24 hour excretion following subcutaneous 

280 

50 

injection of 0.5 mgm. Bi to normals and 

230 


1.0 mgm. Bi to deficients. 

206 

78 

3 hour excretion following intramuscular 

136 

52 

injection of 1 mgm. Bi and Bj. 

315 

250 ! 

1 hour excretion following intravenous 

300 

250 

injection of 1,2 mgm. Bi and Bs. 

350 

150 

Per cent of toler- 


ance test excreted 


Normal 

Deficient 

Type of test 

subjects 

subjects 


22 

9 

1 hour excretion following intravenous 

26 

6 

injection of 0.02 mgm. Bi and Bj per 

25 

12 

kgm. body weight. 

22 

21 




ministration of repeated 5 milligram tests, the 
excretion of orally administered thiamin gradually 
returned to normal (Figure 1). 


Micrograms 
excreted in urine 



Midday Meal . 

The lower limit of normal for this type of tes 
excretion of about 500 micrograms (2). 


c. Thiamin content of fat tissues 
The effect of a thiamin deficient diet upon t 
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Micrograms Bi 
per gram tissue 



Weeks 0 1 Z 3 4 


Duration of diet 

Fig. 2. Effect of Thiamin DEFiaENT Diet upon 
Concentration of Thiamin in Liver of Rats 


Microqrams B| 
per ^ram tissue 



Duration of diet 


Fig. 3. Effect of Thiamin Dehcient Diet upon 
Concentration of Thiamin in Kidney of Rats 

thiamin content of the livers and kidneys of 180 
gram male Wistar rats is illustrated in Figures 2 
and 3. Muscle concentrations also fell from 1 
nucrogram per gram to 0.5 microgram after 2 
weeks of deficient diet. Symptoms of thiamin 
deficiency were hot observed until the third week. 

The effect of thiamin administration is illus- 
trated in Figures 4, 5, and 6. In normal animals 
httle increase in thiamin concentrations occurs 
(Figures 4 and 5). In deficient animals, the 
thiamin concentrations promptly return to normal 
(Figure 6). 


Micrograms Bi 
per qram tissue 

' 12 ^ 


A O 
X CA 



° - *-stock diet 

• - deficient diet plus yeast 
A- deficient diet plus Bl indnnking water 
3 D- deficient diet I week, Bi in drinking 

v/ater second and third weeks 



Weeks 0 3 4 

Duration of diet 

Fig, 4. Effect of High Thiamin Diet upon 
Concentration of Thiamin in Liver of Rats 


Micrograms Bi 
per gram tissue 


X stock diet 

• deficient diet plus yeast 
Adeficient diet plus Bi in drinking viater 
odeficient diet Iweek.Bi in drinking 
water second and third weeks 


Weeks 0 3 4 

Duration of diet 

Fig. 5. Effect of High Thiamin Diet upon Concen- 
tration of Thiamin in Kidney of Rats 


Differentiation of the normal animals from the 
deficient animals by means of these tests is gen- 
erally possible. The chief confusion occurs when 
the intravenous test is applied to severely deficient 
animals that have lost 50 per cent of their body 
weight (Figure 7). 


d. Thiamin excretion in rats 
, Figures 7 and 8 and in Table VI, the excre- 
tion of thiamin by normal animals is compared 
''ith the excretion of thiamin by thiamin deficient 
animals following tolerance tests of various types. 


DISCUSSION 

Our estimations of the concentrations of thia- 
min in rat tissues and their variations with diet 
are in agreement with observations made hy other 
investigators (10, 13, 14). In the case of human 
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Micrograms Bi 
per gram tissue 



Fig. 6. Effect of High Thiamin Diet upon the 
Concentration of Thiamin in Liver and Kidneys of 
Rats that Had Been on a Deficient Diet for 2 
Weeks 


Percent of injected 
B, excreted in 1 1/2 hours 

' i • • 


30 


^ #0 • 




20 


I ^ 


o o 



X- stock diet 
O- deficient diet 
•-deficient diet 
plus yeast 


10 


X o 


o 

o 


Weeks 2 


Duration of diet 


Fig. 7. Excretion of Thiamin by Normal and De- 
ficient Rats Following the Intravenous Injection 
of 40 Micrograms of B, and Bj 


tissue, values with which our results might be 
compared have not appeared. The concentrations 
which we have found in man are of the order of 
2 or 3 micrograms of thiamin per gram of heart 
muscle, 0.5 microgram per gram of skeletal mus- 
cle, and 1 microgram per gram of liver, kidney, 
and brain; the total for the average person being 
about 25 milligrams of thiamin. Concentrations 
significantly below these may be found in indi- 


Percent cf injected Bl 
excreted in 3 '/a hours 



Fig. 8. Excretion of Thiamin by Normal and De- 
ficient Rats Following the Subcutaneous Injectios 
OF 40 Micrograms of B, and Bj 

table VI 

A comparison 0 } the micrograms of thiamin excreted in 
urine during several tolerance tests performed on norm 
rats and on rats maintained for Z weeks on a thiamin 
deficient diet 



Normal 

animals 

Deficient 

animals 

■ 

Normal 

controls* 

Deficieol 

controls* 

Per oram test. 

9.9 

1,7 

4.3 

1.0 

24 hours 

18.6 

0.8 

3.1 

1.3 


10.8 

8.0 

3.1 

0.8 


6.0 

2.0 

2.4 

1.3 

Subcutaneous 

6.9 

0.5 

0.6 

0,3 

test. 3 J hours 

15.9 

0.4 

0.6. 

0.3 


6.0 

0.5 

0.7 

0.3 



0.5 

0.9 

0.3 

Intravenous test. 

5.0 

1.7 

0.3 

0.1 

hours 

8.6 

1.5 

0.6 

0.2 


12.6 

3.0 

0.3 

0.2 



4.8 





* Received water or saline instead of thiamin solution. 


iduals suffering prolonged febrile illnesses, witi 
ietary restrictions of an order sufficient to cause 
^mptoms in active patients. Conversely, con- 
entrations somewhat higher than the usual adu t 
ormal may be found in children and in patients 
ffio have recently received large quantities of t 2 
itamin. In general, however, as with animas 


i:\ it,... 




pears limited to short periods. . 

The tissue concentrations at which symptoms 0 
deficiency develop are probably different in ‘ 
ferent tissues and probably vary with the 
of physiologic activity demanded of the tissue 
the time of its deficiency. It is therefore no 
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nirprising that in bedridden patients and in caged 
inimals a considerable loss of thiamin may occur 
before s}Tnptoms definitel}’ indicative of deficiency 
ippear. Fortunately for the clinician, the amount 
if dietary restriction necessary’ to produce overt 
feficiency is usually sufficient to attract attention 
ind to suggest the advisability of supplementary 
thiamin tlierapy. The occurrence of minor varia- 
tions of thiamin concentrations in ambulatory 
patients, on the other harid, the so-called sub- 
dinical deficiencies, presents a complicated prob- 
lem. Discussion of this type of deficiency will 
not be critical until biopty and other studies permit 
an accurate apprmsal of the interrelationships of 
dietary intake, tissue concentrations, and work 
performance. 

The correlation between changes in tissue thia- 
min concentrations and changes in urinary thiamin 
excretion observed in our experiments appears 
definite but not particularly acute. In conformity 
uath previous experiences (1 to 4), the excretion 
of individuals with clinically recognized deficiency 
was found sufficiently abnormal to permit their 
differentiation from normal subjects. In the sin- 
gle study of experimental deficiency in man (Fig- 
ure 1) the per or am tolerance test appeared more 
sensitive than the parenteral test in detecting a 
minor degree of deficiency. However, a number 
of factors interfere with the general application 
of per oram tests (16, 17). 

The quantitative relationship of the tissue 
changes and the excretory changes in our patients 
is difficult to evaluate without biopsy analyses. 
The tissue concentrations associated with frankly 
abnormal thiamin excretion might be estimated on 
clinical grounds to be of the order of the concen- 
trations found in the autopsies of patients with 
poor nutrition (Table III). Past experience with 
measurements of thiamin excretion in patients 
with fair nutrition, such as those listed as “fair 
nutrition” in Table III, would not lead us to 
anticipate marked excretory changes in the latter 
group. 

It has been a general experience that as the 
clinical evidence for thiamin deficiency becomes less 
Secure, the differentiation afforded by the excre- 
tion test becomes proportionately less certain ( 1 to 
4). The underlying difficulty appears to be that 
thiamin excretion is not a simple threshold phe- 


nomenon, The dependence of rate and amount 
of excretion upon the size of the test dose and 
the route of administration (16), clearly indicates 
that the quantity excreted is not determined solely 
by the patient’s nutritional status. The failure of 
normal subjects to excrete more than 20 to 40 per 
cent of the test vitamin is probably associated 
with a marked though temporary increase in the 
concentration of thiamin in their tissues (15, 5). 
The ability of tissue, both normal and deficient, 
to phosphoiylate and hold thiamin for a few 
hours until it can be destroyed, considerably 
diminishes the working margin of tolerance tests. 
In the rat experiments, for example, striking 
changes in tissue concentrations were associated 
with differences in excretion that amounted to but 
a small percentage of the thiamin administered. 
In sick patients, evaluation of similar slight 
changes is complicated by the knowledge that 
physiologic variations, of the type exhibited in 
passing from the fasting to the absorptive state, 
may affect thiamin excretion as much as deficiency 
itself (16, 17). It is evident, therefore, that while 
excretion may be correlated with tissue concen- 
trations under standard conditions (18), it is also 
unfortunately dependent upon renal function (3) 
and upon a number of variables which affect the 
rate at which thiamin is absorbed and distributed 
to the tissues, and the rate at which the tissues 
in turn can phosphoiylate the vitamin, bind it to 
their protein (19), or destroy it. Control of these 
variables constitutes a major difficulty in the clini- 
cal application of tolerance tests. 

SUMMARY AND CONCLUSIONS 

1. The concentrations of thiamin in human tis- 
sue are of the order of 2 to 3 micrograms per 
gram for heart muscle, 0.5 microgram per gram 
for skeletal muscle, and 1 microgram per gram 
for brain, liver and kidney. 

2. These concentrations may be temporarily in- 
creased by thiamin therapy, or they may be con- 
siderably reduced by inadequate diets. 

3. Under comparable circumstances, deficient 
subjects tend to excrete less thiamin than normal 
subjects. 

4. This tendency’ is not sufficient to permit rec- 
ognition of small changes in tissue thiamin con- 
centrations by measurements of thiamin excretion. 
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It is not yet sufiicicntly appreciated tliat tliere 
are many factors, aside from heart disease, which 
may affect the electrocardiogram. This is a mat- 
ter of considerable im]tortance for anyone making 
electrocardiographic interpretations. It becomes 
especially significant in those instances where the 
electrocardiogram is on the borderline of normal- 
ity, or in attempting to evaluate the successive 
changes in electrocardiograms taken serially. 

It is the T waves of the electrocardiogram which 
are most commonl}’ and significantly affected by 
these extracardiac factors. A good example is 
digitalis, which may so alter the contour of the 
S-T segments and T waves as to make interpre- 
tation difficult, unless it is known or suspected 
that the drug has been given. Significant T wave 
changes may also result from the inhalation of 
tobacco smoke (1), alkalosis (2), and change in 
body position (3), merely to mention a few 
factors. 

Recently we have taken a renewed interest in the 
effects of exercise and of certain commonly used 
drugs on the normal human electrocardiogram. 
Many of the studies in this connection have been 
carried out on animals (4 to 8), and few or none' 
of the results are directly applicable to man, ex- 
cept as noted above. Furthermore, the results of 
the studies on man show no general agreement, 
and this has resulted in some confusion. Our 
plan of study has been simple and eminently' 
practical, being designed more to demonstrate 
what changes occur than to show why'. 

METHODS 

The effects of e.xercise, adrenaline, ergotamine tartrate, 
acetyl-^-methylcholine (mecholyl), and atropine sulfate 
were studied with reference to electrocardiographic 
changes in five normal subjects. Right carotid sinus 
pressure was studied in four subjects. The three classical 
leads were used. The .subjects were all healthy males 
^\ithout heart disease. Their ages were 21, 29, 30. 31, and 


38 years. All had normal electrocardiograms. Three 
were physicians and the other two were familiar with 
controlled laboratory procedures. 

Each experiment was preceded by a period of rest 
until the pulse and blood pressure were stabilized. All 
the electrocardiograms were taken with the subject in the 
sitting position. Sufficient time was allowed between ex- 
])eriments for the effect of the previous procedure com- 
pletely' to disappear. Exercise and mecholyl were fol- 
lowed by three hours of rest before the next experiment 
was done. All the other tests were carried out on dif- 
ferent day's. A control tracing was taken after the sub- 
ject had rested and immediately prior to starting each 
procedure. Repeated tracings were taken during the ex- 
periments at appropriate times (in order to obtain the 
maximum effect). Blood pressure, pulse, and respiratory 
rate, and general reaction were noted with each tracing, 
as well as the electrical axis of the QRS complexes. 

INDIVIDUAL PROCEDURES 
1. Exercise 

A. Method. The electrocardiograms were taken 
before, during, and immediately after exercise, 
the subject sitting on an orthopedic exerciser, 
pumping, as on a bicy'cle, with the right leg. The 
tracings were taken after three and twelve min- 
utes, while vigorous pumping was continued. 
Also, continuous tracings of Lead 2 were taken 
in three subjects, beginning just prior to stopping 
exercise and continuing for two minutes after all 
activity' had ceased. 

B. Results. Exercise lowered the T waves of 
Lead 2 in all electrocardiograms of the five sub- 
jects (Figure 1), though but slightly' as a rule. 
The T wave in Lead 1 was lowered in all but one 
subject ; that particular T wave showed no change. 
The T wave in Lead 3 was lowered in two subjects 
and was elevated in one subject (Table I). 

C. Comment. Our finding that e.xercise lowers 
the T waves is contrary to current ideas generally 
held, based on records obtained after stopping 
e.xercise yvbich are very different from tho.-e made 
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Lead 



a h 

Fig. 1. Effect of Exercise 

C. H. Column A taken during control period; column B, during exercise, 12 
minutes after start. Leads 1, 2, 3. 


TABLE 1 
Exercise 


Subject 

J. B. B. 

A. S. H. 

G, 

s. 

J. R. G. 

. 

C. 

H. 


1 Control 

Maximum 

effect 

Control 

Maximum 

effect 

Control 

Maximum 

effect 

Control 

Maximum 

effect 

Control 

Maximum 

effect 

Pulse rate 

86 

140 

66 

96 1 

66 

75 

75 

100 

85 

100 

Blood pressure 

1 100/70 

115/75 

132/98 

155/90 

100/55 ; 




95/60 

125/60 

T-1 (10*< volt)* 

3 

2 

4 

3 

3 

i 3 

4 

3 

2.75 

2.25 


2.5 

1.75 ^ 

3.5 

2.5 

i 6 

5.5 

3.5 

1 

3 

3.5 



-0.25 

-0.25 

-0.1 

1 -0.1 

3 

2 


0 

1.25 

n 

QRS axis 

(degrees by 
Eintboven triangle) 

-(-38 1 

1 

+38 

! 

+45 

+40 

+ 75 

+80 

+42 

+85 

+ 78 

+ 70 


**= This is 10 to the minus fourth power, that is, a tenth of a millivolt. 


during exercise. Joft'e (9). for example, obsen'cd 
elevation of the T waves in twenty-two normal 
subjects after exercise. Our findings are in agree- 
ment with those of v. Mentzingen (10) who. in 
studying the electrocardiograms of 451 subjects 
during exercise, noted lower T waves in 410 of 


them. Most of his subjects, however, had ab- 
normal hearts. We wish to emphasize that our 
tracings were taken with the subject actually ex- 
ercising and that within half a minute after the 
subject stopped motion, the lowered T waves be- 
gan to return to (or surpass) their former height. 
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2. AdrcnaJiuc 

A. Method. One cc. of 1 : 1000 solution of 
adrenaline hydrochloride was injected suheutane- 
ously. One sui)ject gave a iiistory of marked 
response to adrenaline, so that 0.5 cc. was given 
to liini. Tracings were taken five, ten, fifteen. 


twenty, and thirty minutes after the drug was 
administered. 

B. Results. Adrenaline lowered all the T waves 
of the tliree leads in three subjects, while in the 
other two subjects all the T waves were lowered, 
except that in one subject T-1 and in the other 


Lead 



b 


Fig. 2-A. Effect of Adrex.ilixe 

J. R. G. Column .A taken during control period; column B, 22 minutes after 
adrenaline HCI, 1 : 1000 solution. 1 cc. subcutaneously. Leads 1, 2, 3. 


TABLE 11 


Adrenaline hydrochloride 


Subject 

J. B. B. 

A. 

1 

S. H. 1 

G 

s. 

J.R.G. j 

c. 

H. 


Control 

Maximum 

effect 

Control 

Maximum ’ 
effect 

Control 

Ma.ximum 

effect 

Control 

Maximum ! 
effect i 

Control 

! Maximum 
effect 


75 

92 

72 

70 1 

I 

60 

66 

75 

86 i 

85 

so 


110/70 

120/55 

130/95 

1 150/80 ' 

1 10/60 

145/60 

125/80 

120/60 i 

95/55 

110/50 

T-l 

2.5 

2 

2.5 

j 2 1 

2.5 

2.5 

3 

2 1 

2.25 

2 

T-2 

3 

2.25 

2 

, 1.5 

4.75 

4 

3 

2 , 

3.5 

2 

T-3 

-0.5 

-0.5 

-1 

; -1.5 

2.5 

2 

0 

-1 

1 

0.5 

QRS axis 

+38 

0-42 

+50 

1 +50 1 

1 i 

+68 

-h6S 

+ 70 


-r75 

+ 6S 
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a h 

Fig. 1. Effect of Exercise 

C. H. Column A taken during control period ; column B, during exercise, 12 
minutes after start. Leads 1, 2, 3. 


TABLE 1 
Exercise 


Subject 

.1. B. B. 

A. S. H. 

G. 

s. 

J. R. G. 

C. 

H. 


Control 

Maximum 

effect 

Control ' 

1 

Maximum 
effect , 

Control 

M.aximum 

effect 

Control 

Maximum 

effect 

Control 

Maximum 

effect 

Pulse rate 

86 

140 

66 

96 

66 

75 

75 

100 

85 

100 

Blood pressure 

100/70 

115/75 

132/98 

155/90 

100/55 

125/70 

125/90 

150/90 

95/60 

125/60 

T-1 volt)* 

3 

2 

4 

3 

3 

3 

4 

3 

2.75 

2.25 

T-2 volt)* 

2.5 

1.75 

3.5 

2.5 

6 

1 

5.5 

3.5 

3 

3.5 

2.5 

T-3 volt)* 

-0.25 

-0.25 

-0.1 

1 -0.1 

1 

3 

1 

2 

-0.5 

0 

1.25 

1 

QRS axis 
(degrees! by 
Einthoven triangle) 

1 

+38 

+38 

+45 

1 

' +40 

1 

+ 75 

+80 

+42 

+ 85 

+ 78 

+ 70 


* This is 10 to the minus fourth power, that is, a tenth of a millivolt. 


during exercise. Jofife (9), for example, oliserved 
elevation of the T waves in twenty-two normal 
subjects after exercise. Our findings are in agree- 
ment with those of v. Mentzingen (10) who, in 
studying the electrocardiograms of 451 subjects 
during exercise, noted lower T waves in 410 of 


them. Most of his subjects, however, had ab- 
normal hearts. We wish to emphasize that our 
tracings were taken u'ith the subject actually ex- 
ercising and that within half a minute after the 
subject stopped motion, the lowered T waves be- 
gan to return to (or surpass) their former height. 
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2. .'Idirnalim' 

A. Method. One cc. of a 1 ; 1000 yolutioii of 
adrenaline liydroehloridc was injected suliculanc- 
ously. One subject gave n history of marked 
response to adrenaline, so tiiat 0.5 cc. was given 
to Iiiin. Tracings were taken five, ten. fifteen. 


twenty, and thirty minutes after the drug was 
administered. 

B. Results. Adrenaline lowered all the T waves 
of the three leads in three subjects, while in the 
other two subjects all the T waves were lowered, 
except tliat in one subject T-1 and in the other 


Lead 


I 


3 



■ 

I Li. 


1 


a 


b 


Fig. 2-A. Effect of Adrenaline 

J. R. G. Column .\ taken during control period; column B, 21 minutes after 
adrenaline HCl, 1 : 1000 solution, 1 cc. subcutaneousb'. Leads 1, 2, 3. 


TABLE II 

Adrenaline hydrochloride 


Subject 

J. B. B. 

v\. S. H. 

G. 

s. 

J. R. G, 

c. 

H. 



Maximum 

effect 

Control 

Maximum 

effect 

[ 

1 Control 

Maximum 

effect 

Control 1 

Maximum 

effect 

Control 

Maximum 

effect 

Pulse rate 

1 

92 

72 

70 

60 

66 

75 

86 

85 

80 

Blood pressure 

110/70 j 

120/55 

130/95 

150/80 

110/60 

145/60 

125/80 

120/60 1 

95/55 

110/50 

T-I 

2.5 

i ^ 

2.5 

2 ! 

2.5 

2.5 

3 ! 

2 i 

2.25 1 

i 2 

T-2 

3 

2.25 

2 

J.5 

j 4.75 

4 

! ^ 

2 

3.5 i 

2 

T-3 

-0.5 

— 0.5 

-1 

— 1.5 1 

i 2.5 

2 

1 0 

1 

-1 1 

1 

1 

0.5 

WKb axis 

+38 

1 +42 

+50 

+50 

+68 

+68 

+ 70 



+68 
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T-3 showed no change (Figure 2-A and Table II). 
The effect was maximal in ten to fifteen minutes. 
One subject was given 1 cc. of a 1 ; 100,000 solu- 
tion of adrenaline intravenously. This resulted 
in marked lowering of the T wave, with transient 
inversion; Lead 2 only was recorded in this ex- 
periment (Figure 2-B). One subject showed fre- 
quent ventricular premature beats, while another 
showed a varying P-R interval with inverted P 
waves for a few minutes after adrenaline. Ar- 
rhythmias under adrenaline have been noted by 
others (11). 

C. Comment. Our finding of lowered T waves 
due to adrenaline is in agreement with that of 
Clough (12), who studied the effect of 7.5 minims 
of 1 : 1000 adrenaline intramuscularly in normal 
males and in subjects with irritable hearts. He 
found a decrease of 1 to 2 mm. in the T waves. 
Levine et al. (13) gave the same dose as we to 
ten normals and stated that “in young adults there 
was an average fall in the T wave amplitude in 
Lead 2 of 0.8 mm., five cases showing an in- 


Lead 



Ftc. 2-B, Effect of Adkexalixe 
A. S. H. During administration of adrenaline HCl, 
0.01 mgni. (1 cc. of 1:100,000 solution) intravenously: 
control, beginning clTcct, maximal effect. Leads 2, 2, 2. 


crease from 0.4 to 1.5 mm. and five a decrease 
of from 1.5 to 3.3 mm.” 

3. Ergotamine tartrate 

A. Method. One cc. of ergotamine tartrate 
(1 mgm.) was given subcutaneously to two sub- 
jects, but, due to marked nausea in those cases, 
only 0.5 cc. (0.5 mgm.) was given to the others. 
Tracings were taken five, fifteen, thirty, and, in 
three subjects, sixty minutes after the drug was 
given. 

B. Result.'!. Ergotamine raised all the T waves 
of the three leads of five subjects, except that T-2 
in one subject showed no change ^ (Figure 3 and 
Table III). The effect was maximal in thirty to 
sixty minutes. 

C. Comment. Almost identical results have 
been obtained by Nordenfelt (14) with twenty 
normals, using 1 cc. (1 mgm.). There is consid- 
erable evidence that ergotamine opposes the action 
of adrenaline (8, 15, 16, 17). We have observed 
that exercise, which stimulates the sympathetic 
nervous system, and adrenaline, lower the T 
waves, and therefore the opposite effect of raising 
the T waves was of considerable interest. The 
elevation of the T waves was obtained without 
marked slowing of the pulse. 

4. Atropine sulfate 

A. Method. One-fiftieth of a grain of atropine 
sulfate was given subcutaneousl 3 L Marked dry- 
ness of the mouth was noted in each subject 
after about forty minutes. Tracings were taken 
twenty, forty, sixty and ninety minutes after the 
drug was given. 

B. Results. Atropine lowered all the T waves 
of the three leads in three subjects. It lowered 
all the T waves except T-1 in one subject and all 
but T-3 in another subject (Figure 4 and Table 
IV). One subject developed A-V nodal rhytliin 
twenty minutes after the atropine injection. By 
forty minutes this had changed to sinus tachy- 
cardia. Wilson (IS) and Lewis (19) have noted 
this as an early action of atropine in normals. 

C. Comment. Atropine significantly lowers the 
T waves, as shown by two of us already in a ])re- 
vious paper ( 1 ) , Its action is to inhibit the para- 
sjTupathetic nervous system, particularly the vagus. 

1 In tills case T— 1 and T— 3 showed only minute cliangcs. 
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TAKU; III 


Erf^nUiminc larlrale 


Stibjcct j 

I 

J. n. 11. 

.vs 

. H. 

G 

s. 

J. R. 

G. 

c. 

11. 

i 

1 

('ontfftj 

Maximum 

rlTccl 

Control 

Maxmiiim 

rffecl 

Control 

Maximum • 
effect . 

Control 1 

1 

Maximum 

effect 

Control 

Maximum 

effect 



66 

66 

66 

66 

50 i 

85 1 

66 

75 

66 

Rlofxl pressure j 

115/70 

105/SO 

135/85 

148/108 

100/60 

100/60 ; 

120/70 ; 

110/80 

95/60 

90/60 

T-1 i 

2.5 

3 

2.5 

4 

2 

2.5 i 

3.25 1 

4.5 

2 

3.25 

T-2 


3.5 

1.5 

2.5 

3.5 

6.5 1 

3.25 1 

4.5 

2.5 

4.5 

T-3 1 

1 

0.5 

1 

-1 

0.5 

2 

3.75 i 

-1.5 ; 

— 0.75 

0.5 

2 

QRS axis i 

+44 

+4S 

+42 

+42 

+ 72 

+ 78 i 

+64 ! 

+ 60 

+60 

+ 72 

Lead 











1 

•r'" -- 




- • •' *• *' 



. . - ' t 




Fig. 3. Efffxt of Erw)Tamis-e 

C. H. Column A taken during control pcriiKl; column B, 45 minutes after er- 
gotamine tartrate, 0.5 mgm. subcutaneously. Leads 1, 2, 3. 


Thus drugs which increase s 3 'nipathetic tone or 
inhibit parasj-mpathetic activity lower the T waves, 
while those which lower sj'mpathetic tone, such 
as ergotamine, raise the T waves. 

5. AIccholyl 

■^1. Method. Two subjects received 25 mgm. of 
niecholyl subcutaneouslj', but the general reaction 


was so marked that 15 mgm. was given to the 
others. The latter group obtained a satisfactorv 
response with sweating, salivation, diffuse blush- 
ing. and, as has been noted by many others, 
tachycardia. 

B. Results. MechoM lowered all the T waves 
in the three leads of all five subjects. All ‘iubjects 
developed tachycardia, beginning one to one and 
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Lead 



a b 

Fig. 4. Effect of Atropine 

A. S. H. Column A taken during control period; column B, 60 minutes after 
atropine sulphate, 1,3 mgni. (1/50 gr.) subcutaneously. Leads 1, 2, 3. 


TABLE IV 
Atropine sulfate 


Subject 

J. E 

1. B. 

A. S 

;. H. 

G. 

s. 

J. R. G. 

C. 

11 . 


Control 



Maximum 

effect 

Control 

Maximuni 

effect 

Control 

Maximum 

effect 

Control 

Maximum 

effect 

Pulse rate 

86 

100 

60 

86 

66 

86 

70 

86 

85 

100 

Blood pressure 

115/70 

100/60 

120/88 

140/95 

100/60 

100/60 

120/75 

110/70 

100/60 

90/55 

T-1 

2.5 

1.5 

6 

4 

1 

n 

2 

3.5 

3 

1.75 

2 

T-2 

3 

2 

5 

' 2.5 

1 

HSii 

3 

4.5 


HQIHi 

2.75 

T-3 

0.25 

0 

1 

-1.5 

2.25 

1 

0.25 

0.75 


I 

QRS axis 

4-50 

4-58 

4-58 

4-58 

4-74 

4-74 

4-58 

4-70 

4-72 

4-84 


a half minutes after administration. Four sub- 
jects showed a fall in blood pressure (Figure 5 
and Table V). 

C. Comment. iMecbolyl, supposedly a parasym- 
pathetic stimulant par excellence, has been found 
to cause tachycardia by all its users (20 to 24). 
This seemingly paradoxical effect on the heart 


has been discussed ably by others (23). Roth- 
berger (25), giving acetyl choline intravenously 
to cats, noted an initial transient slowing followed 
by tach 3 'cardia. Accordingl)’, we took continuous 
tracings of Lead 2, .starting before injection of 
mecholyl and continuing until the tachycardia was 
well started, but observed no preliminary slowing 
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Fig. 5. Effect of Mechoia'l 

J. R. G. Column A taken during control period; column B, 2 minutes after 
mechol>d, 15 mgm. subcutaneously. Leads 1, 2, 3. 


TABLE V 
Mecholyl 


Subject 

J. B. B. 

A. S. H. 1 

G. 

S. 

1 

J. R. G. 

c. 

H. 


Control 

Maximum 

effect 

Control j 

[ Maximum 
[ effect 

1 

Control j 

Maximum 

effect 

Control I 

Maximum 

effect 

Control 

Maximum 

effect 

Pulse rate 

86 

120 

60 

140 

66 

90 

75 

no 

85 

100 

Klood pressure 

115/70 

120/70 

135/90 

150/95 

; 100/60 

100/60 

120/70 

110/60 

100/60 

80/50 

T-l 

2.5 

2 


1.5 i 

i 2 

1.5 


1.5 

2.5 

1.75 

T-2 

2 

1 


” ! 

i 

3 


1.25 

2.75 

2.5 

T-3 

0 

-0.25 

-1.5 

-3 

1 2.5 

1.75 

1 

0.25 

0 

1 

0.75 

QRS axis 

d-50 


+60 

+90 j 

-r75 

+ 70 

+ 70 

-f 75 

1 

+ 72 

' +85 

! 


the heart rate. We are unable to explain the 
paradoxical tachj'cardia and lowering of the T 
waves. 

6. Right carotid sinus pressure 

^■Method. This was tried on four subjects, 
o o )servations were made on the blood pressure 
"1 these e.xperiments. 


B. Results. All subjects showed slowing of the 
pulse. There was an increase of the amplitude of 
all the T waves in Lead 3 of the five subjects. 
The T ^\aves in Lead 1 and Lead 2 were elevated 
in two of the subjects. One Lead 1 showed a 
decrease in the T wave (Table VI). 

C. Cojuineut. The predominant action of caro- 
tid sinus pressure on the electrocardiogram, aside 
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TABLE VI 

Right carotid sinus pressure 


Subject 

J. B. B. 

1 

A. S. H. 

J. R. G. 

c. 

, 11 . 

Con- 

trol 

Maxi- 1 

mum 

effect 

Con- 

trol 

Maxi- 

mum 

effect 

Con- 

trol 

Maxi- 

mum 

effect 

Con- 

trol 

Maxi- 

mum 

effect 

Pulse rate 

86 

77 

70 

55 

75 

66 

85 

66 

T-1 

3 

3 

3.5 

4 

4 

3.5 

2.75 

3 

T-2 

2.S 

3 

3 

4.5 

3.5 

3.5 

3 

3 

T-3 

-O.S 

0.25 

-1 

0 

-0.5 

0 

1 

1.25 

QRS axis 

-t-38 

4-40 

-t-45 

4-45 

4-42 

4-50 

4-78 

4-75 


from slowing of the rate, is to raise the T waves. 
These results may be considered as agreeing with 
the concept that factors which inhibit sympathetic 
tone or increase the vagal tone raise the T waves. 

DISCUSSION 

The vague conceptions in the minds of most 
physicians, both in general and in particular, about 
the effects of these various procedures and of 
autonomic nervous influences on the electrocardio- 
gram, will, we hope, be clarified by this report. 
The importance of our findings is also of a prac- 
tical nature. For instance, if a “repeat” electro- 
cardiogram is taken on a patient who receives 
atropine, or adrenaline, or mecholyl, shortly be- 
fore the second tracing, T wave changes would be 
noted and might be interpreted as a change in the 
basic cardiac status, when in reality they are due 
to the effect of the drug. These drugs are com- 
monly used in hospital practice and it was in part 
for this reason that the present study was made. 

Interesting speculations have been mentioned 
regarding the sympathetic and parasympathetic 
nervous systems and the part they may play in 
affecting the electrocardiogram. Of the exact 
nature of the part they play in these results, we 
are not sure. Indeed, in the intact normal sub- 
ject, compensatory mechanisms jirobably play im- 
portant roles in determining the final result. Our 
findings suggest, however, that adrenergic factors 
lower the T waves and cholinergic factors raise 
them. The anomalous action of mecholyl has been 
discussed. It may also be postulated from our 
results that procedures which elei'ate the pulse 
rate, lower the T waves, and vice versa. That 
this is true, there is no doubt. However, in some 
of the subjects with no change in pulse rate, the 


effect on the electrocardiogram was no less marked. 
This was particularly true in the case of adrenaline 
and ergotamine. 

SUMMARY 

1. Exercise lowers the T waves of the normal 
human electrocardiogram, with return toward nor- 
mal in less than a minute. During recovery the 
amplitude of T maj^ be greater than normal. 

2. Adrenaline lowers the T waves. The effect 
lasts from fifteen to thirt}'^ minutes. 

3. Ergotamine tartrate raises the T waves. 
This effect lasts as long as an hour. 

4. Atropine lowers the T waves. The effect is 
maximal in one hour but maj" last ninet)^ minutes. 

5. Mecholjd lowers the T waves and causes 
tachj'cardia without preliminaiy bradj^ardia. 

6. Right carotid sinus pressure causes an ele- 
vation of the T waves. 

7. The importance of taking these changes into 
account when interpreting electrocardiograms is 
stressed. 
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Hoff, Smith and Winkler (1) found that dogs 
with anuria secondarj' to nephrectomy or to ure- 
teral ligation die from cardiac arrest due to auto- 
intoxication with potassium. Potassium, derived 
from the breakdown of the animal’s own tissues, 
can apparently neither be excreted nor stored, and 
gradually accumulates until a concentration suffi- 
cient to cause cardiac arrest is attained. A clinical 
state somewhat analogous to these forms of ex- 
perimental anuria has recently been described by 
Beall and others (2, 3, 4, 5) in patients with 
anuria of several da 3 's duration following crushing 
injuries. In some patients the potassium of 
serum rose considerably, and it seems possible 
that in some instances death may have been due 
to potassium poisoning. Since desoxycorticoste- 
rone acetate (hereafter called “DOCA”) may, 
under certain circumstances, lower the serum po- 
tassium, the possibility that this substance might 
prove of therapeutic value naturally presented 
itself. Selye (6, 7) and Dosne (8) have in fact 
reported considerable prolongation of life in an- 
uric rats previously treated with DOCA, and have 
termed this effect an “antiuremic action.” The 
present study deals mainly with the results of 
DOCA injections in anuric dogs. Several sup- 
plementary experiments with whole cortical ex- 
tract were carried out. 


materials and methods 


1 -oA procedure and the specific techniques em- 

P OJ have been described in detail previously (1). No 
^ w or food was given during the course of the experi- 
vomiting with secondary chloride depletion 
TOrt;«i'^’“’'^ injections of DOCA or of 

ocUact were made after the ureters were ligated. 


^ Brants from the Ella Sachs Plotz Fund, 1 
Medirai ^ A Therapeutic Research of the Americ 
Foundjf ‘i’e John and Mary R. Marl 

'ichootorMrffcfaJ 


Fourteen dogs received DOCA intramuscularly or sub- 
cutaneously in varying amounts, while four others re- 
ceived cortical extract. Anuria was produced in all in- 
stances by ureteral ligation. The course of these injected 
dogs is compared with that of fifteen dogs in a control 
series ; the protocols of twelve of these have already been 
published (1). The DOCA was usually dissolved in 
propylene glycol with gentle warming, injections then 
being made every twelve to hvent 3 '-four hours, in order 
that some active substance might continually be present. 
In two experiments the regular commercial preparation 
of DOCA dissolved in sesame oil was ' employed.^ 

RESULTS 

The protocols are summarized in Table I. The 
times of survival after ligation and the concen- 
trations of potassium in senun at death fall within 
the same ranges in the injected animals and in 
those of the control series. The several groups 
are therefore essentially the same in each of these 
two respects. Also the increase in serum potas- 
sium, relative to the increase in the blood non- 
protein nitrogen, is about the same in the control 
animals and in the injected animals. 

Qinically the behavior of the treated animals 
was indistinguishable from that of the untreated 
ones. The electrocardiographic changes prior to 
death in the injected animals were of exactly the 
same character, typical of progressive potassium 
poisoning, as those of the control group. The 
usual relationship of serum potassium to electro- 
cardiographic changes (1, 9) was unaltered. 

DISCUSSION 

Obviously DOCA had no beneficial effect what- 
soever in these animals. Yet DOCA, adminis- 

2 Dr. E. Schwenk, of the Research Division of Schering 
Corporation, generously supplied us with all the desoxy- 
corticosterone acetate used in these studies. Commercial 
whole adrenal cortical extract (Wilson) was used in three 
experiments. In a fourth a special adrenal cortical ex- 
tract prepared by Dr. E. C. Kendall, and kindly furnished 
to us by him, was employed. 
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TABLE I 


Summary of results 

All injections given after ligation of ureters 


Num- 

ber 

Dose 

; Blood NPN 

Potassium of 
j serum 

Survival 

time 

Initial 

j Death 

Initial 

Death 


mgm.^ or cc? 

mgm. 

i>er cent 

mM. i>er liter 

hours 

(A) EXPERIMENTS 

WITH DESOXYCORTICOSTEROHE ACETATE 

1 

6-flO-FlO 

38 

286 

6.3 

13.2 1 

90 

2 

lO-flO-j-10 

29 

247 

6.6 

10.1 

108 

3 

b 4-5 -^-5 

36 

337 

5.2 

14.4 

102 

4 

2S-F1S 1 


282 

4.3 

12.0 

66 

■ S 

S0-F2S i 

33 

222 1 

4.3 

10.2 1 

47 

6 

S0-f2S 

29 

291 

3.7 

10.8 

72 

7 

254-25-t-lO-FlO 

41 

277 

7.4 » 

10.6 

77 

8 

25 -f2S-MO-flO 

28 

242 

5.4 > 

17.7 

76 


2S+25-H0-F10 

106 

325 

6.4 > 

11.8 

78 

10 

100-F33+3S 

28 

335 

3.2 

10.7 

79 

11 

100-i-33+3S 

25 

288 

3.5 

11.1 

90 

12 

100 -1-33+35 

29 

274 

3.8 

12.2 

84 

13 » 

S0+C1SX6) 

32 

344 

4.9 

11.5 

86 

14 s 

so +(15 XS) 

29 

250 

6.2 

1 

12.5 

82 


(B) EXPERIMENTS WITH CORTICAL EXTRACT (WilSON) 


1 

90 


370 

5.0 

10.8 

114 

2 

90 

36 

351 1 

4.1 1 

16.5 

96 

3 1 

70 1 

46 

298 

4.7 , 

13.1 

72 

4 i 

100 « i 

24 j 

265 1 

4.4 1 

12.0 

77 


(C) CONTROL experiments: average VALUES FROM 
FIFTEEN EXPERIMENTS (1) 


none 

30 ±4 

290 ±65 

5.4 ±0.8 

13.8 ±2.9 


^ Individual figures refer to doses every 12 to 24 hours. 

® 10 cc. every 12 hours. 

® Just after operation. 

^ Chronic nephritis at autopsy. 

® DOCA in sesame oil. 

® Dr. Kendall’s extract used. 

tered parenterally to the intact animal in doses 
comparable to those given here, is known to cause 
an increased renal excretion of potassium (10). 
In fact, if potassium intake be restricted, DOCA 
injection in the normal animal will in time deplete 
the potassium of serum and of muscle as well 
(11). Since this increased urinary excretion is 
associated with a diminished concentration of 
serum potassium, it is not simply a reflection of an 
extrarenal disturbance of potassium metabolism. 
A specific effect of DOCA upon the normal kid- 
ney therefore seems well established. Our ex- 
periments indicate that this renal action is respon- 
sible for the main disturbing effect of DOCA 
upon potassium metabolism, since potassium dis- 
tribution is not demonstrably affected by it in the 
anuric animal. Expressed graphically, DOCA in- 
jection in the intact animal accelerates the fol- 


lowing sequence: 

(b) (a) 

K(Muscle) > K(Serum) > K(Urine) 

DOCA certainly does act at “ (a) .” It has, how- 
ever, been suggested that DOCA and cortical 
extract may act at “(b)” as well (12). Only 
some such hypothesis would justify the condu- 
sion that DOCA had a beneficial action in the 
treatment of anuria. Our experiments do not 
support the validity of this second supposition. 

It is not proper, on the basis of these experi- 
ments, to deny extrarenal action of DOCA or of 
cortical extract upon potassium metabolism. On 
the contrary', there is good evidence that cortical 
extracts rich in “compound E” (11 dehydro-17 
hy'droxy corticosterone) accelerate protein break- 
down (13), which in turn might accelerate the 
release of cellular potassium. Such extracts may 
also increase glymogen deposition in the liver (14))' 
a process which is thought to be associated with 
the withdrawal of some potassium from the extra- 
cellular fluid (15). All that can be said is that 
such effects are quantitatively too small to be de- 
tected under the conditions of our experiments. 

It has been mentioned before that Selye and 
Dosne (6, 7, 8) have found that rats previously 
treated with DOCA survive ureteral ligation for 
a longer tirne than do those not so treated. Ac- 
tually, there is no experimental conflict between 
their observations and ours. They gave the 
DOCA injections for a period before the produc- 
tion of the anuria, whereas our injections were 
always given afterwards. By giving DOCA while 
the kidneys were still functionally intact, they 
encouraged an excessive potassium excretion, 
which might in turn be expected to produce some 
measure of depletion of tissue potassium (If)' 
Durlacher and Darrow (16) have found that rats 
depleted of potassium, whether by a low potas- 
sium diet or by DOCA administration, will survive 
longer than control animals, following uretera 
ligation. This is presumably due to the presence 
of an abnormally large potential reservoir m 
which the potassium, produced by the breakdown 
of their own tissues after the establishment o 
anuria, may be stored. A longer time would, 
therefore, be required for such animals to build 
up a concentration of potassium in the serum 
sufficient to bring about cardiac arrest. The prac- 
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tical therapeutic possibilities inherent in such use 
of DOCA in “uremia” arc obviously very re- 
stricted. 

SUMMARY AND CONCLUSIONS 

1. In dogs with anuria following ureteral liga- 
tion, the subcutaneous or intramuscular injection 
of desoxycorticosterone acetate and of cortical 
adrenal extract were completely without beneficial 
effect. 

2. No effect on potassium distribution within 
the body was detected. 

3. Failure to demonstrate such an action of 
desoxj’corticosterone acetate upon potassium dis- 
tribution in the anuric animal suggests that its 
effects upon potassium metabolism in the intact 
animal are secondary to its renal action. 

4. On the basis of present knowledge of its 
pharmacological action, desoxj'corticosterone ace- 
tate could only be expected to influence the course 
of an anuric subject favorably if it were given 
prior to the establishment of anuria. 
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With the belief that the therapeutic activity of 
sulfonamide drugs in pneumococcic infections de- 
pends in part on the presence of protective mecha- 
nisms other than the bacteriostasis produced by 
the drugs, a knowledge of the enhancement offered 
by normal serum is needed to clarify the mecha- 
nisms of this therapeutic action. Tlie purpose of 
the present communication is to present experi- 
ments which deal with the activity of normal 
animal and human sera in enhancing the anti- 
pneumococcic action of sulfapyridine. Normal 
mouse, rabbit, guinea pig, rat, dog, infant human, 
and adult human sera were examined, with white 
mice used as test animals. 

MATERIAL AND METHODS 

The test to determine the enhancement of mouse pro- 
tection produced by each serum consisted of the inocula- 
tion of graded doses of pneumococci to three series of 
mice, one series receiving serum alone, one series re- 
ceiving sulfapyridine, and one series receiving both serum 
and sulfapyridine. 

The sulfapyridine was administered orally, mixed with 
the food. The food used was ordinary mouse biscuits, 
ground in a meat grinder and sifted through a fine sieve. 
The resulting powder was thoroughly mixed with sulfa- 
pyridine in the proportion of one part of the drug to 
ninety-nine parts of the powdered food, giving a one per 
cent sulfapyridine content. The mice were housed 6 in a 
®ge, and the powdered food, with the sulfapyridine, given 
in open boxes, so that they had free access to it. 

The maximum protection with sulfapyridine alone re- 
sulted from its administration for from 3 to 6 days. 
There was approximately 33 per cent survival for Type 
I and survival varied from 20 per cent through 80 per 
cent with strains of Type III pneumococci. However, 
only 2-day sulfapyridine treatment was used in enhance- 
ment tests because comparisons were most clear cut with 
sulfapyridine dosage of this duration. 

The virulence of the cultures was such that 10"* ml. of 
a freshly passed, 18-hour blood broth culture killed a 
mouse weighing 18 to 20 grams within 24 to 48 hours. 
Varying amounts of culture, lOA 10^, 10^ (b 10 and 
1,000 il.L.D.), were employed in the tests with Tj^e I, 
and 10^ to 10^ ml. (1, 10, 100, 1,000, 10.000 and 100,000 
M.L.D.), with Type III pneumococci. Dilutions were so 


adjusted that 0.5 ml. of each contained the desired amount 
of culture. The culture and serum were inj'ected intra- 
peritoneally, the serum immediately before the culture 
(within an inten'al of a few seconds). 

The dose of serum for each mouse was 0.5 ml., in- 
jected, intraperitoneally. 

Surviving mice were discharged at the end of 7 days. 

Absorption tests were conducted in the following man- 
ner; Freshly passed cultures were grown for 4 hours at 
37° C. The cultures were killed by heating at 55° C. for 
30 minutes, centrifuged at high speed for one hour, and 
the "supernatant” discarded. The serum was added to 
the cells in the proportion of 1 ml. of serum to the sedi- 
ment of 2 ml. of culture. The serum and cells were well 
mixed and placed in a water bath at 45° C. for one hour. 
Serum without cells was similarly kept in a water bath 
at 45° C. for one hour and used as controls. Then 0.1 
per cent formalin was added to the mixtures and the 
tubes placed in an icebox overnight. The serum and 
cell suspension was then centrifuged and the clear serum 
withdrawn. Absorbed sera were not used in the pro- 
tection tests before sterility tests showed complete absence 
of live organisms. Absorbed sera, without culture, were 
also injected into mice as additional controls. 

RESULTS OF THE MOUSE PROTECTION TESTS 

Protection against pneumococcus Type I 

Of the 12 normal human adult sera tested 
against pneumococcus Type I only 2 gave pro- 
tection when used without sulfapyridine. These 
sera saved 11 of 12 mice infected with Type I 
organisms. None of the remaining 10 sera pro- 
tected the animals to any appreciable extent when 
administered alone. However, all sera protected 
the animals to a high degree (from 66 to 100 per 
cent of the animals tested)- when given with 
sulfapyridine, while the mice receiving sulfapyri- 
dine alone either all succumbed to the infection or 
only one out of 6 mice recovered. 

None of the normal infants’ sera employed in 
the tests gave any appreciable protection, either 
alone or with sulfapyridine, against Tj’pe I pneu- 
mococcus. 

Normal mouse, guinea pig, rabbit, and rat sera 
did not protect the mice against Tj-pe I pneumo- 
2 
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TABLE I 


Protective action of normal human and animal sera 071 while mice infected with Type I pneumococcus 

when treated with sulfapyridinc 


Source of serum 

1 

Serum 0.5 ml. alone 


Sulfapyridine alone 

1 per cent in food for 2 days 

Serum and sulfapyridinc 

Number 

mice 

tested 

Number 
mice re- 
covered 

Per cent | 
of mice ' 
recovered 

Average 

days 

survived 

Number ; 
mice 
tested 

Number 
mice re- 
covered 

Per cent 
of mice 
recovered 

Average 

days 

survived 

Number 

mice 

tested 

Number 
mice re- 
covered 

Per cent 
of mice 
recovered 

Average 

days 

survived 

Adult human 

10 samples 
(None pro- 
tective when 
used alone) 

60 

4 

6.6 

2.7 

1 

1 

60 1 

i 

i 

1 

3 

1 

1 

5 

1 

3.1 

60 

46 

77 

6 

Adult human 2 
samples (Pro- 
tective when 
used alone) 

12 

11 

91.6 

5.9 

12 

1 

8.3 

3.1 

12 

12 

1 

100 

1 

7 

Infant human 

10 samples 

4 individual 

6 pooled 

30 

1 

3.3 

1.9 

36 

1 

2.7 

1 

2.5 

1 

1 

31 

1 

[ 

4 

12.9 

3.3 . 

Mice 

66 pooled 

6 

0 

0 

2 

6 

0 

0 

1 

2.3 

6 

1 

1 

16.6 

4.1 

Guinea pigs 

6 pooled 

6 

0 

0 

1.6 

6 

0 

0 

1 

3.3 

6 

1 

16.6 

3.3 

Rabbit 

3 pooled 

6 

0 

0 

1.5 

6 

0 

0 

2.5 

6 

0 

0 

2.8 

Dog 

one 

6 

4 

1 

66.6 

5.5 

6 

1 

16.6 

3.6 

6 

6 

100 

7 

Rats 

15 pooled 

6 

0 

0 

2 

6 

0 

0 

1 

2 

6 

0 

0 

2.3 


coccus when used alone or with sulfapyridinc. 
Normal dog serum, however, gave about 66 per 
cent protection to the mice when used alone, and 
100 per cent protection when used with sulfa- 
pyridine. 

Table I is a summation of the mouse protection 
tests, with the various normal sera, against Type I 
pneumococcus. 

As seen from Table II, fresh, unheated human 


TABLE II 


Mouse protection test with normal Inman adult serum {7 57 A) 
used fresh and heated with and without sulfapyridinc 
against Type I pnetnnococcus 


Treatment 

Number of 
M.L.D. of 
j • culture 

1 Num- 
ber of 
mice 
in- 
fected 

Num- 
ber of 
mice 
recov- 
ered 

Per 

cent 

re- 

cov- 

ered 

Aver- 

age 

days 

sur- 

vived 

Fresh serum alone 
Fresh serum with 
sulfapyridine 
Heated serum at 56 

Heated serum at 56“ 

C. with sulfa- 1 
pyridine 

Sulfapyridine alone 
Culture controls 

1 1, 10, 1,000 

1, 10, 1,000 

1, 10, 1,000 

1, 10, 1,000 

1, 10, 1,000 1 

1, 10, 1,000 

6 

6 

6 

6 

6 

6 

1 

3 

6 

0 

4 

0 

0 

50 

100 

0 

83 

0 

0 

4.5 

7 

2 

5.3 

2.5 
1.8 


adult serum (24 hours after bleeding) gave 50 
per cent protection, but the same serum heated 
for 30 minutes at 56° C. gave no protection when 
used without sulfapyridinc. The heated serum, 
when given with sulfapyridinc, protected the mice 
to a lesser extent than the unheated, fresh serum 
given with sulfapyridine. One other 'serum tested, 
fresh and heated, gave similar results. 

None of the absorbed sera gave any protection 
when absorbed with homologous cultures, whether 
used alone or with sulfapyridine. Absorption 
with heterologous cultures removed most of the 
protective substances, but not all, since some pro- 
tection still resulted from these sera, even when 
very large doses of cultures were used for ab- 
sorption. Absorption with kaolin had no effect 
on the sera. Nor did the absorbed sera, when 
injected without culture, have any effect on the 
mice. Table III represents a test with absorbed 
sera. 

Protection against p7ieiimococcus Type III 

No direct parallelism was noted in the action 
of the sera when tested against Type I and Type 
III pneumococci. Whereas the great majority of 


* Heated for 30 minutes. 



SULFAPVRIDIN'E IN’ EXPERIMENTAL PNEUMONIA 


425 


TABLE m 

Mouse protection lest mth normal human ad till serum (757 A ) 
absorbed tcith Type I and Type II pneumocouus 
cells against Type I and Type II 
pneumococcus cultures 




1, 10. 1.000 M.L.D. 


Material inicctcri 

Type 1 culture 

Type n culture 


Number 

recovered 

[ 

Number 

died 

Number i 
recovered | 

Number 

died 

Serum absorbed with 
Type I cells alone 

0 

6 

0 

6 

Serum absorbed with 
Type I cells with 
sulfap>Tidine 

0 

6 

2 

4 

Serum absorbed with 
Type II cells alone 

0 

6 

0 

6 

Serum absorbed with 
Type II cells with 
sulfapyridine 

1 

5 

0 

6 

Unabsorbed serum 
alone 

Unabsorbed serum 
with sulfapyridine 

3 

3 

3 

3 

6 

0 

1 

5 

1 

bulfapyridine alone 

0 

6 

0 

6 

Culture controls 

0 

6 

0 

6 


the normal adult human sera did not show any 
demonstrable protective ability against Type I 
organisms when used alone, and showed a definite 
increase in survival rate when used with sulfapy- 
ridine, such sera protected mice against Tj'pe III 
strains and failed to increase the survival rate of 

TABLE TV 


Mouse protection test vnth normal human adult serum 
(AA107) used fresh and heated tcith and urithout 
sulfapyridine against Type III pneumococcus 


Treatment 

Number of 
M.L.D. of 
culture 

Num- 
ber of 
mice 
in- 
fected 

Num-| 
ber of| 
mice I 
recov-i 
cred 

Per ; 
cent , 
re- 1 
cov- 1 
ered 

A\'er- 

age 

da>*8 

sur- 

vived 

Fresh serum 
^ alone 

1, 10, 100, 1,000, 
10,000, 100,000 

12 

1 

8.4 

2.6 

Fresh serum with 
sulfapyridine 

1, 10, 100, 1,000, 
10,000, 100,000 

12 

3 

25 

4.7 

Heated serum at 
56° C. alone* 
Heated serum at 
56° C. with 
^^sulfapyridine 

1, 10, 100, 1,000, 
10,000, 100,000 

12 

2 

16.6 

2.8 

1, 10, 100, 1,000, 
10,000, 100,000 

12 

6 

SO 

5.7 

Heated serum at 
60® C. alonet 
H^ted serum at 
C, with 
r. ®J^«apyridine 

1, 10, 100, 1,000, 
10,000, 100,000 1 

12 

4 

33.3 

3.5 

1, 10, 100, 1,000, 
10,000, 100,000 

12 

8 

66.6 

5.8 

*jui/apyricime | 
alone 

Culture controls 

1, 10, 100, I.OOO, I 
10,000, 100,000 1 

12 

10 

83 

6.6 

1, 10, 100 1 

6 

0 

0 

2 


Heated for 30 minutes. 
T Heated for one hour. 


the sulfap 3 Tidine-treated mice, producing instead 
a decrease in the protective action of the sulfapyri- 
dine. There was a definite inhibition in the pro- 
tective activity when the sera were used with 
Tj'pe III organisms. This inhibitory action was 
decreased but not entirely destroyed by heating. 
Table IV represents a typical experiment showing 
this inhibitory action. 

Protection against other types 

One normal human adult serum was tested 
against Types II, IV, V, VI, IX and XVIII, 
with and without sulfapyridine. It gave 100 per 
cent protection both when used alone and with 
sulfapyridine, against 1,000 M.L.D.’s of virulent 
organisms. Since no end point of protection was 
obtained with the amounts of culture used, it was 
impossible to determine whether the serum with 
sulfapyridine increased the survival rate, w’hen 
tested against these types. 

DISCUSSION 

Although pneumococcidal antibodies are en- 
countered in the blood of normal human adults 
with great frequency (1 to 11), mouse protective 
activity of normal human sera is usually found to 
be low, or not demonstrable at all (8). With the 
aid of sulfapyridine, used in amounts so small 
that by itself it did not give any protection, we 
were able to demonstrate protective antibodies 
against Type I pneumococci in all the normal 
human adult sera tested, although 10 of the 12 
sera examined did not show any protection when 
used alone. On the other hand, when sera from 
normal human infants, aged 4J4 to 7 months, 
were examined, no protection was apparent, 
whether the sera were used alone or with sulfa- 
pyridine. These results are in agreement with 
the work of others (12 to 14), who found that 
the pneumococcidal antibodies in very j'oung' in- 
fants, obtained through the passive transfer from 
the mother, are exhausted at the end of 5 to 6 
weeks, and reappear in the blood of the child 
when about a year old. 

Robertson and Sia (11) as well as others (9, 
15 to 17) found that the common laboratory ani- 
mals, exhibiting a high degree of resistance to 
pneumococci, such as the horse, sheep, dog, cat 
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In previous articles llie elTecLs of sodium evi- 
pal = or .‘^odium jientotlial ' aucstliesia upon tlic 
respiraton- control mechanisms were dcscriltcd. 
Both anestiietics depress tlic central chemical 
nicchanisin of breathing (carbon dioxide control) 
much more rapidly than the\’ dejiress the peri]th- 
eral reflex chemical mechanisms (carotid and 
aortic chemoreflexes) (1 ), and the vagopulmonar}' 
proprioceptive reflexes (Hering-Breucr) (2). 
These observations are in agreement with the 
earlier findings of Henderson (3). Marshall and 
Rosenfeld (4), and Comroe and Schmidt (5) for 
anesthetic states produced by other barbiturates. 

The experiments reported here were planned so 
that the relative roles played by carbon dioxide 
and b}' oxj-gen, in the control and maintenance of 
reathing at dijjcrciit depths of evipal and pento- 
Ual anesthesia, could be more fully evaluated. 

ccordingly, the respiratory responses to a con- 
stant increase in the carbon dioxide content, and 
to a constant decrease in the ox\'gcn content of 
inspired air were recorded at three levels of 

tl provided a gross measure of 

a 1 itj of an animal (dog) to react to fairly 
T ant chemical stimulation of the respiration, 
e stimulating agents chosen exhibit certain dif- 

thr^fF^ action. In addition, 

artPr^^fui^ increasing the oxygen tension of 

breathpi present when the animals 

mine m studied in order to deter- 

activitv degree of anoxic chemoreflex 

anitnaL we anesthesia levels when the 

iimais were breathing air. 

■ Sodium Research Council, 
barbiturate. -methyl SA' cyclohe.xcnyl 5 methyl 

biturate. •’^"‘"‘bal is ethyl (1-methyI-butyI) thiobar- 


It was learned from earlier experiments that as 
the anesthesia (evipal or pentothal *) was deep- 
ened. breathing became more dependent upon 
anoxic chemoreflex stimulation without, in many 
instances, an}' great change in minute volume of 
breathing; therefore, it was realized that it was 
necessary to keep the oxygenation of arterial 
blood at or above that existing at the beginning of 
the experiment in order to appreciate even roughly 
the rate and extent to which the mechanisms in- 
volved in h}-percapnic hyperpnea were depressed. 
In order to accomplish this, the anesthesia was 
increased while the animals breathed pure oxygen. 
The efficacy of this procedure was checked by 
frequent determinations of the oxygen content of 
the arterial blood. The possibility existed that 
the decreased breathing that normally accompanied 
deepening anesthesia might have been due to a 
decreasing rate of carbon dioxide production, as 
a result of a reduction in the normal oxidations 
efifected by the anesthetic, rather than to a de- 
creased reactivity of the animal to carbon dioxide. 
To check this possibility, the carbon dioxide con- 
tent of the arterial blood was determined at close 
intervals. 

These things were done with the hope that it 
might thereby be possible to establish certain im- 
proved basic methods for evaluating new anes- 
thetic agents before their clinical introduction. 
Final evaluation of anesthetic agents can be made, 
of course, only in the clinic, but the wastefulness 
of present practices, not only in monetar}' terms 
but in terms of human lives needlessly lost, offers 
a stimulating challenge to improve laborator}' 
methods of evaluating anesthetic agents before 
they are introduced into the clinic. 

* Whenever evipal or pentothal are administered, it is 
to be understood that reference is made to the soluble 
sodium salt of the agent. 
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Fig. 1. Time Relationships of the Factors Considered 


The kymographic tracings show, from above downward, time in 5 second intervals, costal respiration, the 
pnhnonary minute ventilation (P.V.) in deci-litcrs (the spirometer tracings of the tidal excursions, used in the 
calculation of P.V., have been omitted to conserve space), abdominal respiration, blood pressure (at varying 
positions on tbe several records, easily differentiated from the respiratory tracings by its smaller excursion 
and characteristic appearance), respiratory rate per minute (R.R.), a fine base line (used in some subsequent 
figures to indicate activity of the sciatic rcfle.x, as an objective record of anesthesia depth), a broad line to 
indicate the interval during which special gas mixtures were administered. The special gas mixtures arc in- 
dicated above the respective kymograph tracings; it is to be understood that nitrogen adequate to complete 
the 100 per cent is included with the specified gases. 

The chart shows five ordinate scales, from left to right ; pulmonary ventilation in deci-liters per minute, carbon 
dioxide in volumes per cent of arterial scrum, dose of evipal in mgm. per kgm. body weight, oxygen in vol- 


M KTlIdDS 

The C(|iiipim’ti( ;unl pnicediircs i'iiiployf<l have been 
ilc.'crihcd previously (I). Ilriefly. inoiiprel doRs weiRb- 
iiig aboul 1(1 kgui. were used as subjects. Data pertinent 
to the present report were obtained from experiments on 
29 dogs ; l)ut since tliese first 29 experiments were directed 
primarily toward a solution of other altbouRli related 
problems, 8 more dogs were used in which the specific 
questions raised in this paper were studied. The anes- 
thetic agents studied consisted of sndiinit n'if'al [1 methyl 
Sd' cyclohcxenyl 5 nictliyl barhitiirate] in 10 per cent 
aqueous solution, administered intravenously, and sndiitin 
t’cntothal (ethyl (1 mcthyl-lnityl ) tliioharliituratel in 5 
per cent aqueous solution also administered intravenously. 
Depth of anesthesia was controlled as carefully as pos- 
sible by ob.scrvation of records of a flexion reflex (left 
semitendinosus muscle) elicited by electrical stimulation 
of the central end of the cut left sciatic nerve. In addi- 
tion, notes were kept of the state of the corneal (C.R.) 
and lid (L.R.) rcflcxc.s; normal activity was described as 
" Three simultaneous records were made of the res- 
piration; tidal, "intercostal,” and “diaphragmatic.” Ar- 
terial blood pressure was recorded by means of a Ludwig 
manometer connected with the femoral artery. Blood 
gases were determined in duplicate by the methods of 
^an Slyke and Neill; o.xygen in 1.0 cc. samples of 
heparinized arterial whole blood taken under oil, carbon 
dio.xide in 0.5 cc. of arterial scrum, collected under oil. 

PRESKXTATION OF IIESL'LTS 

The kymographic tracings show from above down- 
ward: time in 5 second intervals, costal breathing (up- 
stroke-inspiration), respiratory minute volume in dcci- 
•ters per minute (the spirometer tracings from which 
a values of pulmonary ventilation or minute volume 
tt^ere obtained have been omitted to conserve space in all 
t e figures excepting number 9), abdominal respiration, 
respiratory rate (R.R.), blood pressure (at varying 
positions on the several records, easily differentiated from 
e respiratory tracing by its smaller excursion and char- 
acteristic appearance), the base line of activity of the 
sciatic reflex (see Figure 9), a broad white inked line 
0 indicate the interval during which special gas mixtures 
"ere administered, and blood pressure base line (all the 
records excepting that in Figure 9 were cut along the 
corrected base line for blood pressure). The special gas 
12 per cent and 0-, 28 per cent, and 
=, per cent) are indicated above the respective kymo- 


graph tracings: it is to be understood that nitrogen 
Completed the 100 per cent. 

The graphs in the illustrations (1 to 8 inclusive) show 
the time relationships of all the procedures of the ex- 
periments. The ordinate scales are five in number and 
arc from left to right as follows: pulmonary ventilation 
(respiratory minute volume) in deciliters per minute, car- 
bon dioxulc in volumes per cent of arterial serum, the 
additive amount of evipal or pentothal in mgm. per kgm. 
of body weight (exact placement of this ordinate varies 
in different figures), oxygen in volumes per cent of arte- 
rial blood, and height of the reflexly excited contraction 
of the semitendinosus muscle in mm. 

The abscissa shows : the time relationships of the ex- 
periments ( the unit interval represents 10 minutes) ; the 
gas mixture breathed (solid black designates the periods 
when room air is respired, the short unroofed open blocks 
labeled O;, 8 per cent and CO^., 12 per cent delimit the 
periods of the low oxygen or carbon dioxide administra- 
tions, and the completely enclosed clear blocks represent 
the periods when oxygen was breathed) ; and the number 
of cc. of evipal (10 per cent) or pentothal (5 per cent) 
injected. 

The solid bar graphs (S.R.) based on the abscissa de- 
note the heights of contraction of the semitendinosus 
muscle. The fine line that connects the tops of these 
bars grossly indicates the trend of anesthe.sia, a falling 
line indicates greater depth. 

The bar graphs based on the line designated "pulm. 
vent.” represent when solid, carbon dioxide hyperpnea, 
and when cross hatched, low oxygen hyperpnea, measured 
as the increase in minute volume of breathing obtaining 
at the end of the third minute of the carbon dioxide or low 
oxygen administration, over the normal minute volume of 
breathing for the last three minutes of eupnea, excepting 
in experiment 43, Figure 4, in which the normal was 
taken as the minute volume of breathing, during the 
seventh minute after the carbon dioxide administration 
was terminated because of the failure of the animal to 
return to the apneustic type of respiration that prevailed 
before the period of hypercapnia. The records, excepting 
the spirometer tracings from which the data for these 
later bar graphs were obtained, are shown above (carbon 
dioxide) and below (low oxygen) their graph place- 
ments ; these records do not coincide at the positions A, B, 
or C but lie on either side of them. The data, from 
which the line graph labeled “pulm. vent.” was constructed, 
was obtained from the spirometer record of tracings 
taken of breathing after a grossly steady rhythm had 
been attained and before changes in experimental condi- 


umes per cent of arterial whole blood. The sciatic reflex activity is indicated in mm. contraction of the semitendi- 
muscle. The state of the corneal (C.R.) and lid (L.R.) reflexes is shown, 
admin' relationships, the intervals (and dose) at which the anesthetic agent was 
Th"'^l particular gas mixtures inspired. Room air was inspired except as specified 

ventilation ordl’nlT-^l’'"'^" "'‘T" hyperpnea (refe; to pulmonary 

crease over ‘^o m j"’ if^" low oxygen hyperpn^; the height of each of these indicates the in- 

no-tion of theCogmpkirdllot.'’' 
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lions were' ni.idc ftlie admini^Irntion of oxygen or air, 
the injection of anesthetic, or the withdrawal of arterial 
hlood samples, etc.). It is evident that evipal ( Fietircs 
I to dl and pentothal ( I'ienres 5 to 8) exert a much 
greater depressant effect on hyiierc.apnir hyperpne.'i than 
upon anoxic hyperpnea. In thre'e instances ( Figures 1. 
4. and 6) carhon dioxide changed from a iiowerful re- 
spiratory stimulant to a ilepressant. The deiiressant ac- 
tion does not re<iuire that a high degree of anoxemia pre- 
exist; the oxygen content of the arterial hlood in one 
instance was normal just before the depressant effect of 
carbon dioxide was elicited (F'igure 4, experiment 43). 


In order to obtain clearer information as to the rapidity 
with which central sensitivity to carbon dio.xide was re- 
duced as previously mentioned, evipal and pentothal were 
given while the animals breathed 100 per cent o.xygen in 
order to keep the chemosensitive reflex mechanisms as 
inactive as possible. The anesthesia was always very 
light when this change was first effected. Arterial blood 
o.xygen content rose 0.4 to 3.3 volumes per cent, but arte- 
rial carbon dioxide did not change significantly when 100 
per cent oxygen was given ( Table I ) . It rose, however, as 
more anesthetic was given. With each injection of evipal 
or pentothal w hile the animal breathed oxygen, the minute 




a 

Fic. 5. Lecexo .\s for Figure I 










ItAIUlITl’KATi: KKI'IXTS ON KKSI’IKATION 


437 


volume of IjreathiiiR fell, iii.iinly as a result of a slf>\vinu: 
of rate. (Tlic evipal and iieiitotlial injections are sliown 
in bars aloiiR the ahscis'-a; the additive (|uantity of dnii; 
in lugm. per kfzni. i<i represented as a line Kraph.) The 
individual variation to evipal or petitothal. as determined 
by the \-ariability between the decreases in minute volume 
of breathint; per m.cm. of drup per kftm.. is (tceat even 
in these very small series. Comiiarc Fifttircs 1 with 2. 
and 5 with 8. 


With the decrease in minute volume of breathing, serum 
carbon dioxide rose indicating that breathing was de- 
pressed hy evipal and itentothal more rapidly than was 
the rate of carbon dioxide formation, if indeed the latter 
was at all afTccted at the anesthesia level concerned. The 
expedient of administering 100 per cent oxygen to keep 
the level of anoxic chemoreflex respiratory stimulation at 
or below normal limits was fairly successful, for in only 
two experiments (46 and 52) did the arterial oxygen con- 




Fjg. 7. Legend as for Figure 1 
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Fic:. 8. Legend as for Figure 1 


tents fall below the control value, in spite of reductions 
in minute volume of breathing. When room air was 
again administered, breathing quickly increased. The in- 
creases in minute volume of breathing were associated 
with decreases in arterial carbon dio.xide and oxygen 
contents (Table I). 

DISCUSSION 

It appears, from the evidence gained from 
these experiments, that the lireathing of an ani- 


mal ver}^ lightly anesthetized with evipal or pento- 
thal is primarily regulated by the need for carbon 
dioxide removal and not especiall}'^ by need foi 
oxygen, which agrees with the findings of Haldane 
(6) and others in normal man and animals. If 
respiration was being regulated substantially by 
oxygen need, then slowing of breathing should 
have been the rule when the arterial oxygen ten- 
sion was increased. The oxygen content of arte- 
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rial blood increased 0.4 to 3.3 volumes per cent 
and tlie carbon dio.xide content of the arterial 
serum did not change in these experiments under 
light anesthesia when 100 per cent oxygen was 
substituted for room air; in only 2 of the 8 ex- 
periments was there a significant sustained de- 
ciease in rate or amplitude of breathing associated 
with this increased ox3fgenation. Pertinent sup- 
porting data can be found in the observation that 
niiniite volume of respiration necessary for the 
maintenance of a normal arterial oxygen content 
of some anesthetized animals at sea level is less 
than that necessaiy to effect removal of carbon 
dioxide. This becomes evident in these studies 
onlj' after the respirator)^ center’s sensitivity to 
carbon dioxide is reduced, as in experiment 43. 
Figure 4. When the animal after being more 
deeply anesthetized is breathing room air, an ar- 
terial oxygen content is maintained at the normal 
le\el by one-third the minute volume that was 
present when the animal was lightly anesthetized, 
l>ut the arterial carbon dioxide continues to in- 
crease at this lowered level of ventilation. 

As the evipal anestliesia is moderately deep- 
ened, breathing is seemingly regulated by both 
carbon dioxide and oxygen need. At this stage 


100 per cent o.xygcn visibly slows breathing and 
carbon dioxide is still able to stimulate it. The 
intermediate stages (B) of e.xperiments 1 to 8 
illustrate this point. Carbon dioxide inhalations 
-still stimulate breathing appreciably and the de- 
crease in arterial oxygen content of from 0.2 to 
2.4 volumes per cent that follows the shift from 
100 ]KT cent o.xygcn to room air is associated with 
minute volume increases varying between 0.7 to 
4.2 liters ])cr minute. If pure oxygen is admin- 
istered again, the pulmonary exchange decreases 
I l''ignres 2 (above second clear block of abscissa) 
and 4 (lower right kymographic record)]. 

When the anesthesia is deepened, further 
breathing becomes increasingly dependent upon 
arterial o.xygcn content, since carbon dioxide be- 
comes less capable of stimulating breathing and 
instead occasionally depresses it (Figures 1, 4, 
and 6). Increase in the oxygen content of the 
arterial blood now slows respiration dangerously. 
This is shown in Figures 4 (lower left) and 6. 

Mechanisms evidently playing the major role 
in maintenance of breathing, after central sensi- 
tivity to carbon dioxide is obliterated, are the 
carotid and aortic chemoreceptors (4. 7, 8). At 
this stage of anesthesia it is probable that the 
chemoreceptor mechanisms have a lower threshold 
to oxygen lack stimulation than does the center, 
which is in complete accord with the findings of 
Heymans (9) and others. This evident shift in 
maintenance of cupncic breathing, from the action 
of carbon dioxide upon the automatically rhythmi- 
cal center to control by the chemosensitive reflex 
mechanisms activated by anoxia, is in many in- 
stances unattended by changes in the rate or char- 
acter of breathing, or changes in blood pressure, 
which might afford ns objective means of deter- 
mining when the shift takes place. Therefore, 
the anesthetist has no means of knowing the status 
of the respiratory control mechanisms when em- 
ploying evipal or pcntothal. 

These experiments permit some insight into 
possible interrelations of the unanesthetized center 
and chemoreceptors in the regulation of breathing 
during hypoxia. In 6 of the experiments illu.s- 
trated here, the stimulation of breathing by a con- 
stant degree of hypoxia increased as the anesthesia 
was deepened. This takes place occasionally when 
evipal or pentothal is injected during the liypo.xic 
hyperpnea (3 of 10 experiments with evipal and 
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tents fall lielow the control value, in spite of reductions 
in ininiite volnine of breathing. \\’hcn room air was 
again administered, breathing qnicklj’ increased. The in- 
creases in minute volume of breathing were associated 
with decreases in arterial carbon dioxide and oxygen 
contents (Table I). 

UISCCSSION 

It ajipcars. fnmi the evidence gained from 
the.se exjieriinenls. that the breathing of an ani- 


mal very lightly anesthetized with evipal or pento- 
thal is primarily regulated by the need for carbon 
dioxide removal and not especially by need for 
oxj’gen, which agrees with the findings of Haldane 
(6) and others in normal man and animals. If 
respiration was being regulated substantially by 
oxygen need, then slowing of breathing should 
have been tbe rule when the arterial oxygen ten- 
sion was increased. The oxygen content of arte- 
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oxide content of the arterial blood, as the}' are 
to effecting adjustments to decreased oxygen con- 
tents and tensions. This does not imply that the 
carbon dioxide is not stimulating the glomus end- 
ings, for Samaan and Stella (12) and von Euler, 
Liljestrand, and Zotterman (13) have shown in- 
creasing discharges in Hering’s nerve as carbon 
dioxide is increased in the arterial blood. It is 
possible that carbon dioxide blocks the propagation 
of the impulses by its reflex depressant action 
(14, 15, 16). 

The significant changes in the control of breath- 
ing that attend small variations in anesthetic states 
induced by evipal or pentothal are not apparent 
from the determination of the relationship of 
dosage to respiratory minute volume of breathing 
while the animals breathe air. The usual methods 
of determining whether an anesthetic is of prob- 
able clinical value leave too much to he learned 
concerning its pharmacologic action during its 
clinical employment with a relatively large ex- 
penditure of effort, time, and human life. This 
is apparently in part dependent upon the diffi- 
culty of anticipating, ahead of clinical use, the 
multiplicity and extent of the demands placed 
upon the agent by the surgeon and the anesthetist, 
and to general lack of recognition of the extent 
to which alterations in physiologic state incident 
to disease, medication, and surgery may affect the 
toxicity of the anesthetic. Lives might well have 
been saved had it been known when evipal and 
pentothal were introduced into the clinic, that 
hypercarbia and anoxia increase the toxicity of 
these agents ( 1 ) and that low blood oxygen can 
mask the true level of anesthesia (1). Hyper- 
oxia (oxygen content of inspired gas greater than 
that of air), for reasons previously discussed, in- 
creases the respiratory toxicity of evipal and pen- 
tothal. In Figures 1 to 8 inclusive it is clear 
that less barbiturate is needed to effect a given 
decrease in minute volume of breathing when 
oxygen is breathed than when air is breathed. 
This was not known when the anesthetist first 
used evipal and pentothal and the fear of the 
anoxia, that was indicated by the frequent appear- 
ance of cyanosis during the course of this anes- 
thesia, rightly promi)tcd the administration of 
high oxygen concentrations in tlic insi)ired air. 
However, the breathing of o.xygen during eyipal 


and pentothal anesthesia, as a consequence of the 
reduction of the sensitivity of the respiratory 
center to carbon dioxide by the drugs, coupled with 
the reduction of the chemoreflex .stimuli by the 
increased oxygenation of arterial blood, results 
in hypopnea with a retention of carbon dioxide 
by the body as indicated by the rise in the carbon 
dioxide content of the arterial blood (Table I). 
During the period of oxygen administration the 
arterial oxygen content was either at or slightly 
above the normal and cyanosis consequently never 
dcvelo])ed (Table I). Therefore, oxidations, as 
far as an anesthetist could determine, were never 
jeojjardized ; however, the retention of carbon 
dioxide that occurred without an external sign 
may well have depressed cellular oxidations more 
than the direct oxygen lack that may have oc- 
curred if room air had been breathed. Further- 
more, the retention of carbon dioxide during the 
oxygen administration probably increases the 
toxicity of evipal and pentothal more than would 
the usually minor degree of anoxia that is in- 
curred when room air is breathed. It is, there- 
fore, apparent that the adoption of a seemingly 
simple, effective, and innocuous procedure by the 
anesthetist, without knowing its effect upon the 
homeostasis of an organism under the particular 
circumstances under which it is employed, may 
result in changes of body economy that are 
potentially more dangerous without external sign 
than those with external signs, that prompt the 
use of the measure. 

The data available here constitute an inade- 
quate basis for the predetermination of the entire 
possible range of satisfactory application of evipal 
and pentothal in clinical practice ; however, by 
correlating early clinical findings with these ex- 
perimental data, a more satisfactory, although in- 
complete, field of use can be estimated than was 
previously possible. 

For abdominal surgery muscular relaxation is 
desired by the surgeon. This does not mean 
merely that it is desirable that muscle tonus be 
decreased, but also that muscular contraction docs 
not follow the sensory nerve stimulation of the 
surgeon’s manipulations. The palpation of the 
intact abdomen of an animal during anesthesia 
gives little practical information concerning the 
degree of rela.xation present at a certain depth of 
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niiotlR'sia. Since cnntractinii of imi^clc elicited 


liy tlie Mirijcon's i)roce(liire> dejiends iipim llie 
integrity of the reflex arc, a hai-ic appruach to the 
prolilcin imisl include a determination of the 
relationsliip hetween tlie depre>,'-ion of reflex ex- 
citaliility and the depression of hreatliintj and 
circulation jier unit of drnf;. 

Ex|>crinicnlally. the reflexly excited contraction 
of the semitendinosns nuiscle and the va^opiil- 
inonaiy reflexes excited Iiy hintj volume cliaiifies 
were not completely stipjiressed hv evijial or jien- 
tothal hefore respiration failed. At a moderate 
level of anesthesia there was nsnallv only a rela- 
tively small decrease in refie.x excitability ( muscle, 
corneal, lid. and vagopnlmonary reflexes). How- 
ever. at a moderate depth of anesthesia the ab- 
domen felt relaxed but a firm, rpiick. jioint jircs- 
sure (tip of finger) was (jtiickly followed by 
tensing of the muscles under the finger. In .short, 
complete mu.scular relaxation could not be obtained 
with evipal or pcntolhal without unduly endanger- 
ing life from re.spiratory failure. This .statement 
IS supported by clinical ob.servatiou : pelvic c.xami- 
nations are unsatisfactory under even deep pento- 
thal anesthesia because of the contraction of the 
muscles of the abdomen and pelvic diaphragm 
'\hen manual pressure is applied : rcla.xation of 
the anal sphincter and of the rectus muscles does 


not approach that obtained with spinal anesthe.sia ; 
and the lar3-ngeal refle.xcs arc depressed sufficiently 
for tracheal intubation ouh' in deep anesthesia. 
It is, therefore, probable that a degree of mu.scular 
relaxation that is readih' and safel}' attainable 
"ith ether or spinal anesthesia is made impossible 
here by the danger of respirator}" arrest. The 
use of pentothal or evipal for abdominal and 
much rectal surger}" cannot therefore permit the 


surgeon to work with the facility that is afforded 
} other agents at a safer level of anesthesia. 

he range of utility of evipal and pentothal in 
t loracic surgery as suggested by experimental 
work is ver)' narrow (2). 

The safety of an anesthetic also depends in a 
urge measure upon the constancy of the early 
signs of overdosage that enable the anesthetist to 
take appropriate measures before respiratory" or 
circulatory" depression becomes severe and conse- 
quently more dangerous. Under evipal and pen- 
tot lal anesthesia the corneal and lid reflexes are 


frc(|ueiitly elicitable in dogs and in man in deep 
ane.sihe.sia, and are occasionally present (in dogs) 
after resjiiratory arrest has been produced. With 
evipal. some depression of costal breathing usually" 
takes place before re.spiratory" arrest (Figures 1 
to 4) ; this occurs infrequently with pentothal 
(I'igures 5 to S). A decrease in minute volume 
of breathing that can be grossly detected does not 
occur with constancy between light and deep levels 
of anesthesia. It is not unusual to have the rate 
and minute volume of breathing increase as more 
drug is given, especially if ano.xia is present. The 
eye signs and re.spiratory signs that ordinarily 
help guide the anesthetist are not sensitive enough 
or constant enough under these agents, in the 
various circumstances that may be encountered, to 
use them as a very dependable gauge in determin- 
ing the depth of anesthesia or the imminence of 
re.spiratory arrest. Furthermore, if anoxia is 
present, overdosage is frequently completely" 
masked until an acute and severe respiratory' de- 
pression develops (1). Overdosage is also masked 
by sensory nen'C stimulation (17). and partial 
pneumothorax (18). An anesthetist is therefore 
.severely handicapped when employing these agents, 
largely because evipal and pentothal do not ade- 
quately depress certain reflexes before a danger- 
ously' deep level of anesthesia has been attained. 

It is hoped that this brief consideration of 
some of the difficulties to be surmounted before 
more satisfactory" methods of preclinical evalua- 
tion can be established, may' lead to an examination 
of all commonly" used or new anesthetics that will 
eventually' enable the anesthetist to choose accu- 
rately" an anesthetic that is suitable for the patient 
and the surgeon, without unduly" endangering the 
life of the former or raising the ire of the latter. 

It is suggested that a more valuable preclinical 
evaluation of anesthetics from the standpoint of 
respiration could be made if laboratory studies 
were extended to include, besides their effects on 
pulmonary ventilation, simultaneous determina- 
tions of their effects upon anoxic (chemoreflex 
control) and hypercapnic (chemorefle.x and cen- 
tral control) hyperpnea, upon the hypopnea that 
is associated with hyperoxia with some anesthe- 
tics '* (as a means of measuring roughly the func- 

® Evipal (1), pentothal (1), cyclopropane (19). 
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tioiial degree of anoxic chemoreflcx activity at 
any depth of anesthesia), upon the Hering-Breuer 
reflexes under normal and high oxygen tensions 
(to obtain a rough idea of the changing relation- 
ship of vagopulmonary reflexes to the central 
mechanism), upon sphincteric, ocular, and muscle- 
proprioceptive reflexes (to obtain some evidence 
as to the effect of the agent upon general reflex 
excitability), and upon nociceptive excitatory ef- 
fects on breathing (to determine the masking 
effect of painful stimuli upon the respiratory 
signs of depth of anesthesia). A correlation of 
tlie data obtained from such experiments seems to 
afford, as illustrated in this paper, some hope that 
a successful approach may be found to the problem 
of the more accurate preclinical evaluation of 
anesthetic agents. 

SUMMARY AND CONCLUSIONS 

The evidence gained from these experiments 
has been interpreted to indicate that : 

The breathing of a normal dog lightly anesthe- 
tized with evipal is primarily regulated by carbon 
dioxide, and that the respiratory exchange neces- 
sary to effect the removal of carbon dioxide in 
some animals at rest is apparently greater than 
that necessary to maintain an oxygen tension of 
the arterial blood that will keep the chemoreceptor 
activities at a level which renders their influence 
generally undetectable in the intact organism. 

An increased depth of evipal or pentothal anes- 
thesia can abolish entirel)’^ the center’s sensitivity 
to carbon dioxide, but does not greatly affect the 
intensity of reflex response to a given hypoxic 
(chemoreceptive) or physical (vagopulmonary 
proprioceptive) stimulus. Therefore, under mod- 
erately deep evipal or pentothal anesthesia the 
maintenance of breathing rests in large measure if 
not entirely upon the peripheral chemoreceptive 
reflex mechanisms. Respiratoiy adjustments are 
made mainly upon the basis of the oxygen need 
of the carotid and aortic bodies and are not di- 
rected toward maintenance of a normal acid-base 
balance, for a large increase in carbon dioxide 
tension of the arterial blood is unattended by any 
change in breathing when the center is sufficiently 
depressed. However, these same bodies, when 
subjected to oxygen lack, effect in man}- instances 


a greater increase in breathing when the carbon 
dioxide sensitivity of the center is low than when 
it is high. 

The finding that a high carbon dioxide tension 
in the arterial blood is incapable of producing in- 
creased respiratory activity at a time when a de- 
creased oxygen tension produces a significant 
stimulation is not construed as evidence that the 
glomus endings are not being stimulated by carbon 
dioxide ; such an action might well be masked by 
the depressant effect of carbon dioxide upon 
reflexes. 

The depression of the respiration of dogs by 
evipal and pentothal anesthesia shows great indi- 
vidual variation. The number of experiments is 
too small to permit any'^ definition of the possible 
limits of variabilitjL 

The breathing of oxygen during evipal and 
pentothal anesthesia, although it delays the onset 
of anoxemia, does not remove the danger of 
diminished oxidations. The hypopnea associated 
with hyperoxia permits the development of lyper- 
carbia. The reduction of oxidations due to the 
carbon dioxide retention may be more dangerous 
than the direct anoxia suffered when air is 
breathed, for as a consequence of this anoxia 
respiration is stimulated and the accumulation of 
carbon dioxide is greatly retarded. 

Muscular relaxation with evipal or pentothal of 
a degree that is readily and safely obtained with 
ether is prohibited ly the danger of respiratory 
arrest. The use of pentothal or evipal for ab- 
dominal or major rectal surgery therefore does 
not permit the surgeon to work with the facility 
that is afforded by other agents at a safe level of 
anesthesia. 

The anesthetist is severely handicapped when 
employdng evipal or pentothal because of the 
variability of response to these agents with the 
content of the blood gases and other factors dis- 
cussed. The inability of the anesthetist to detei- 
mine the status of the respiratoiy control with 
the simple means at his disposal seriously handi- 
caps the use of these agents. Generalizations arc 
made as to appropriate factors to study in evaluat- 
ing new anesthetic agents. 

We thank Miss Anne Murphy, B.S., for licr excellent 
teclinical assistance. 
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The recent interest in the anticoagulant action 
of heparin has led us to seek a substance which 
might be similar in action but less expensive and 
simpler to administer. The anticoagulant effect 
of various rare earths given intravenously has 
been studied in lower animals (1, 2, 3). As far 
back as 1920, Esnault and Brou (4), and Grenet 
and Drouin (5) injected rare earths in 40 to 100 
mgm. doses intravenously into human subjects, as 
therapeutic agents in tuberculosis. More recently, 
Dyckerhoff and Goossens (6) found that neo- 
dymium salts injected intravenously prolonged 
(considerably) the coagulation time of the blood 
of dogs and man. These authors gave some 30 
injections to human subjects, the total dosage of 
neodymium salt varying from 250 to 500 mgm. 
The anticoagulant action persisted for as long as 
6 hours after a single injection, and no ill effects 
were noted. No anticoagulant effects resulted 
from the oral or subcutaneous administration of 
neodymium. 

The need for a cheaper and more easily admin- 
istered anticoagulating agent than heparin, led us 
to study the anticoagulant properties of rare 
earths. The experimental data which we obtained 
on animals justified an attempt to observe the 
effects of these substances in man. Our experi- 
ence, which does not support the claims of Dycker- 
hoff and Goossens that they are harmless to man, 
is the subject of this report. 

E Preparation of salts of rare earths for intravenous 
mjection: Neodymium nitrate was dissolved in distilled 
water or 0.4 per cent saline to a concentration of 0.8 to 
2.0 per cent. Neodymium acetate was prepared as fol- 
lows: To a solution of neodymium nitrate an excess of 
concentrated NH,OH was added, precipitating the blue- 
white finely divided hydroxide. This was dissolved in 
concentrated acetic acid, and the solution evaporated to 
fbe gummy neodymium acetate which dissolved readily in 
distilled water to make 1 to 2 per cent solutions. The 
neodymium lactate was similarly prepared by adding con- 
lactic acid to dissolve the hydroxide and dilute 
LaOH or NaHCOj was added to make the solution just 


pink to phenol red. The resulting solution was filtered 
before use and diluted to a 1 to 2 per cent solution. All 
the solutions were autoclaved just before use. 

II. Methods of investigation: The coagulation time of 
whole blood and plasma was determined by the Lee and 
White method (7). Serum neodymium was determined 
as follows : Since neodymium oxalate is of the same low 
order of solubility as calcium oxalate, the method of Clark 
and Collip (8) for the determination of calcium could be 
adapted to our purposes. This method precipitates the 
oxalate-insoluble salts of serum (usually only calcium, 
but after injection of neodymium, both, calcium and neo- 
dymium) and titrates with 0.1 N ICMnO, to an accuracy 
of 0.1 mgm. in a total of about 10 mgm. calcium per 100 
cc. of serum. In our patients, neodymium concentration 
is determined as the difference between the “blood cal- 
cium” before and during the experiment Urine neo- 
dymium was determined by precipitating all of the in- 
soluble oxalates from an aliquot part of a 24-hour speci- 
men : After separating and washing the precipitate, it was 
ignited (oxidizing the oxalate), redissolved in nitric acid, 
and neutralized by excess NH,OH. The neodymium 
hydroxide in contrast to the calcium hydroxide is in- 
soluble. Plasma hemoglobin was determined by the benzi- 
dine method as previously used in this hospital (9). Red 
cell fragility was performed by a quantitative method 
(10). Urine albumin was determined as the urine total 
protein by a gravimetric, trichloracetic precipitation test.i 


I. In vitro studies of the effect of neodymium on 
rabbit plasma 

Oxalated normal rabbit plasma, recalcified with 
an excess of a 0.28 per cent solution of CaQ„, 
was found to have a coagulation time of 5 min- 
utes. Addition of 0.1 cc. of distiUed water to 
0.1 cc. of such plasma resulted in a coagulation 
time of 4/4 minutes; when, however, 0.1 cc of 
solutions of neodymium nitrate in distilled water 
of 0D03 per cent, or grater concentradonr^s 
added to 0.1 cc. of such recalcified plasma, the 
coagulatio n time was prolonged (Table I). 

?mSih- hemoglobin, red cell 

record.^ in 
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TABLE I 


The effect of 0.1 cc, of Nd{NOi )3 solution on the coagulation 
time of 0.1 cc. of recalcified oxalated rabbit's plasma 


Concentration of NdfNOa)! 

Plasma coagulation time 

mgm. tier 0.1 cc. 

minutes 

0.003 

4.25 

0.004 

6.0 

0.006 

4,75 

0.008 

5.5 

0.013 

7.5 

0.017 

8.0 

0.025 

No coagulation resulted but 

0.033 

fine particles appeared 

0,050 

along sides of test tube af ter 


a considerable interval. 

II. In vitro studies of the effect of neodymium on 

human plasma 

Oxalated recalcified normal human plasma was 

found to have a coagulation time of 5^4 minutes. 

When 0.1 cc. of distilled water was added to 0.1 

cc. of such plasma the coagulation time was 6 

minutes; when, however, 0.1 cc, of solutions of 

neodymium nitrate in 

distilled water of 0.003 per 

cent, or greater concentration, was added to 0.1 cc. 

of such plasma, the coagulation time was pro- 

longed (Table II). 


TABLE n 

The effect of 0.1 cc. of Nd^NOflz solution on the coagulation 

time of 0.1 cc. of recalcified oxalated human plasma 

Concentration of NdfNOsls 

Plasma coagulation time 

mgm. per 0.1 cc. 

minutes 

0.003 

6.0 

0.004 

6.5 

0.006 

8.25 

0.008 

9.5 

0.013 

21 

0.017 

24 

0.025 

No coagulation resulted but 

0.033 

fine particles appeared 

0.050 

along sides of test tube. 


III. In vivo studies in the rabbit 

Several groups of rabbits were given various 
amounts of a 5 per cent solution of neodymium 
nitrate intravenously, all the animals in a given 
group receiving the same amount; blood samples, 
secured from the heart by a long needle and 
syringe previously rinsed in normal saline, were 
taken from one or more rabbits at varying in- 
ter\-als up to 6 hours after injection.^ 

-This procedure was necessitated by the fact that in 
the presence of a prolonged coagulation time, cardiac 


The average coagulation time after each dose 
(Figure 1) was increased, being greatest in the 
first hour or two after injection, following which 
it declined. The coagulation time and the dura- 
tion of delayed coagulability varied with the dose 
injected. When the clotting time was prolonged 
beyond 3 to 5 hours, the end point was indefinite 
and a true clot did not form for days; instead, 
fine masses of coagulum, less than 1 mm. in diam- 
eter, were deposited on the sides of the tube. 

Toxicity. Since the solutions seemed to cause 
restlessness in rabbits, an effort was made to 
complete the injection as rapidly as possible. In 
later experiments the rate of injection was de- 
creased to 1 cc, per minute. During rapid in- 
jection of smaller doses or slower injection of 
large doses, whining or restlessness occurred and 
were followed by death before the end of injec- 
tion. In smaller dosage some rabbits developed 
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puncture caused fatal hemopericardium so often that more 
than two successive samples from a given rabbit were 
usually not procurable. 
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opisthotonos and tlirashcd their feet about, usually 
dying within 30 minutes. Others appeared limp 
and stunned, recovering partially after 10 to 30 
minutes, only to die 24 to 48 hours later. One 
rabbit which received SO mgm.,’ slowly injected, 
showed flaccid paralysis of the legs 3 days later. 
The dosage producing these toxic effects ■^'aried 
considerably, as little as 50 to 80 mgm. causing 
immediate death if injected rapidly. Some rab- 
bits survived after 80 to 120 mgm. doses, while 
others lived for as long as 24 to 48 hours after 
slowly injected doses as high as 200 mgm. 

The irritating effect of neodjTnium nitrate solu- 
tion resulted in phlebitis within 24 hours after 
injection, with edema and subsequent necrosis of 
the rabbit’s ear. When the clotting time was 
markedly prolonged, the site of injection bled 
persistently and marked anemia occurred. 

The toxicity of sublethal doses, repeated over 
an extended period of time, was studied in 2 
rabbits. 

One rabbit received 80 mgm. of Nd(NOj), daily for 
2 days. Two days after the second injection, the animal 
had a flaccid paralysis of all 4 limbs and was sacrific^ 
At autopsy, the only gross findings were a few white 
millet-seed sized firm nodules in the liver. On micro- 
scopic examination, the liver showed small round cell 
infiltrations about the periphery of the lobules; the lungs 
showed a few small areas of atelectasis about bronchioles 
and a few patchy areas of pneumonitis. The brain and 
remaining organs were essentially normal. 

A second rabbit received 840 mgm. of Nd(NOj)j in 
doses of SO to 100 mgm. daily, over a period of 12 days, 
with no untoward manifestations. It was sacrificed on 
the 12th day. Autopsy was negative. 

IV. In vivo studies in man 

Having established a minimum lethal dose in 
rabbits, having confirmed the innocuousness of 
small anticoagulant doses in animals as previously 
reported, and having found no reference to severe 
untoward effects in man, we decided cautiously to 
administer neodymium to humans. Accordingly, 
18 patients were given intravenous doses of neo- 
dymium far below the expected levels of toxicity 
as determined in animals. These patients were 
mainly in the first postoperative week of various 
surgical procedures, so chosen because of the oc- 

® All doses referred to in this paper are in terms of the 
weight of the rare earth salt per kilogram. 


casional occurrence of phlebothrombosis in this 
period, and because of the recently proposed use 
of heparin routinely as prophylaxis against this 
condition. 

An anticoagulant effect was produced by single 
intravenous doses varying from 4.5 to 12.5 mgm. 
of neodymium salt per kilogram of body weight 
(Table III). 


TABLE III 

The anticoagulant effect of single injections of neodymium 
acetate in man 





Clotting 

Interval 

Clotting 

Subject 

Total 

Dose 

time before 

after 

time after 

number 

injection 

injection 

injection 



mzm. per 
kgm. 

minutes 

minutes 

minutes 

1 

200 

3 

10 

15 

12.5 

2 

400 

6 

11 

20 

20 

3 

400 

7 

12 

20 

11 

4 

600 

7.5 

11 

20 

16 

5 

640 

8 

11.5 

20 

15 

6 

1000 

12.5 

12 

24 

42 

7 

800 

9.75 

15 

20 

20 

8 

250 

4.5 

16 

67 

24 

9 

622 

10 

12 

67 

20 


Doses of more than 10 mgm. produced an anti- 
coagulant effect which reached a peak in % to 1% 
hours, followed by a decline. Small additional 
doses of neodymium given during the phase of 
decreasing clotting time caused a substantial in- 
crease in clotting time (Figure 2). One dose 
of 18 mgm. resulted in an indefinitely prolonged 
clotting time, 3% hours after injection (Figure 3). 
About 5 hours after injection when the clotting 
time was 50 minutes, gross hematuria was noted. 

Toxicity. Because neodymium nitrate solution 
caused thrombophlebitis at the site of injection in 
man, the acetate and lactate salts of neodymium 
were substituted. The latter salts produced a 
painless thrombosis of the injected vein after 24 
to 48 hours in about a fourth of the cases, when 
total doses of 300 mgm. and over were given. 
After 10 of 17 injections, fever ranging as high 
as 101° occurred 3 to 18 hours following admin- 
istration. Headache, sweating, muscle and ab- 
dominal pains, nausea, and vomiting also oc- 
curred. These symptoms were unrelated to the 
degree of anticoagulant effect, thrombophlebitis, 
or hemoglobinemia (see below) and were consid- 
ered to be toxic manifestations of the drug. 
Moreover, no one patient had all the aforemen- 
tioned side effects and several patients had none. 


CLOTTING TIME. IN MINUTES 
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HOURS AFTER FIRST INJECTION OF NEODYMIUM LACTATE. 

Fig. 2. The Anticoagulant Effect of Repeated Doses of Neodymium in Man 



Fig. 3. The Anticoagulant Effect of Varying Doses of Neodymium in Man 
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Other rare earths, laiuhanum acetate and cerium 
acetate, were given in doses var 3 'ing from 1.6 to 
5 mgm. Because similar but more severe toxic 
sjTnptoms resulted even before anticoagulant doses 
were reached, further use of these drugs was not 
attempted. 

An attempt was made to avoid toxic reactions 
b}- altering the mode of administration, as sug- 
gested b}' Greenbaum and Aye (11) who noted a 
reduction in the toxicity of thorium salts in rabbits 
after dissohnng the salts in 50 per cent sucrose 
solution. Accordingly, one patient was given 9.5 
mgm. of neodjTTiium in a 50 per cent sucrose 
solution but toxic symptoms were not prevented. 

Two patients were given daily doses increasing 
from 1 to 6 mgm., over a period of a week in 
an attempt to obviate toxic effects, as suggested 
by Dyckerhoft and Goossens (6). There were 
no untoward sj’mptoms, but hemoglobinemia re- 
sulted. 

Hemoglobinuria occurred as a toxic manifesta- 
tion after injection of neod 3 'mium in man. Of 10 
patients who received single doses from 1.2 to 
1.8 mgm., 5 showed plasma hemoglobin values 
above the normal of 9 mgm. per cent, for 1 to 3 
hours after injection. In 3 patients, plasma hemo- 
globin levels suggesting the breakdown of 10 to 
20 cc. of blood were found. In another instance, 
the plasma hemoglobin was 17 mgm. per 100 cc., 
24 hours after injection of neodymium ; it was not 
possible to estimate the degree of hemolysis in 
this instance. In one experiment, the patient had 
a moderate headache the morning after receiving 
an initial dose of 11.5 mgm. An additional dose 
of 14 mgm. was then given; 1 hour later the 
clotting time was over 8 hours and the plasma was 
normal in color. Two hours after injection the 
patient voided a dark red urine and complained of 
severe abdominal pain which recurred several 
times during the next 24 hours. The body tem- 
perature did not rise above 99.8°. The red urine 
persisted for 2 days and on the third day, when 
the urine was of normal color though still posi- 
tive to benzidine, the blood showed a plasma hemo- 
globin of 143 mgm. per 100 cc., and a bilirubin 
ff 1.1 mgm. per 100 cc. The fragility of the 
red cells at this time was normal and the total 
blood hemoglobin and erythrocyte count were the 
same as before injection. The plasma hemoglobin 


reached normal 5 days after the onset of hemo- 
globinemia. Probably several hundred cc. of 
blood had been hemolyzed. 

Another patient who showed hemoglobinuria 
had received progressively increasing doses of 
neodymium lactate over a period of a week (Fig- 
ure 4). The last dose resulted in a definite anti- 
coagulant effect ; no toxic symptoms occurred. 
A light mahogany colored urine was voided on 
the morning of the seventh day; this specimen 
showed strongly positive benzidine and guaiac 
tests. There were granular casts and 1 to 4 red 
blood cells and white blood cells in centrifuged 
specimens of the darkest urines. The casts con- 
tained large granules which turned black on the 
application of (NH 4 )jS solution indicating the 
presence of hemoglobin pigment. No anemia re- 
sulted from this attack of intravascular hemolysis. 
There was no clinical jaundice and the plasma 
bilirubin increased only slightly.* 

Hemolysis was not produced in vitro when 1 mgm. of 
neodymium per cc. was added to human blood which was 
allowed to stand at room temperature and at 37.5° C. 
for as long as 2 hours ; nor was it produced in one dog- 
given SO mgm. of neodymium nitrate per kilo. 

DISCUSSION 

The anticoagulant effect of neodymium nitrate 
in rabbits was found to be similar to that reported 
in dogs (3). The minimal effective dose was 
about 10 mgm. per kgm. of body weight and the 
lethal dose was 80 mgm. or more. 

The anticoagulant effects of neodymium salts in 
man show a close resemblance to those in rabbits. 
When either rabbit or human whole blood -was 
tested, 1.25 to 2.0 mgm. of neodymium salt were 
required to prevent 1 cc. of blood from clotting 
indefinitely. Raising the dose increases both the 
clotting time and the duration of the effect. The 
minimal effective dose in man varies from 5 to 8 
mgm. per kgm. The increase in coagulation time 
reaches a peak within an hour or so, and then 
starts to decrease ; the clotting time can be pre- 
vented from returning to normal by administra- 
tion of successive smaller doses. When the dose 
is increase d above 14 mgm., the blood is rendered 

* This may be used roughly as an index of the normal 
functional state of this patient’s liver (after receiving 
20 mgm. per kgm. of neodymium), in view of its ability 
to handle blood pigments released intravascularly. 
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Fig. 4. The Course of Hemoglobinemia and Hemoglobinuria in Man Following 

Neodymium 


uncoagulable. As an example of the range of 
values involved, a single dose of 12 mgm. in- 
creased the clotting time to 2 to 4 times normal 
for a period of over 6 hours. 

All of the rare earths are anticoagulant sub- 
stances (3). The mode of action is not com- 
pletely understood but is independent of the 
anions used (12). They do not act by interfering 
with the coagulant effect of calcium (13). Glazko 
and Greenberg, who studied the activity of thorium 
salts in vitro, concluded that, "the inhibiting ac- 
tion of polyvalent cations was found to be due 
to their effect on fibrinogen” (14), in contrast to 
polyvalent anions and heparin which act on pro- 
thrombin. 

Tlie problem is made more complicated by the 
fact that the dose required to render blood un- 
coagulable indefinitely in dogs (3) is greater in 
vitro than in vivo. This ratio was found to be 
about 10 to 1 in man.® Moreover, the action of 

® In vitro, about 125 to 200 mgm. is required per 100 
cc. of blood. By contrast, a patient with approximately 


the drug in vivo requires 30 to 120 minutes to 
reach a maximum, whereas in vitro the effect is 
immediate. 

It has been shown that the concentration of 
either prothrombin (15) or fibrinogen (16) 
plasma must be reduced by fully 80 per cent 
before clotting time is measurably prolonged. 
Moreover, after the prothrombin concentration has 
been reduced to this critical level, any further 
reduction causes a rapidly increasing clotting time 
(15). This resembles the sequence of events 
which appears when neodymium inhibits the ac- 
tivity of fibrinogen in blood. Study of the action 
of neodymium both in animals and man shows 
that after the minimal dose necessary to prolong 
the clotting time has been given, further admin- 
istration of relatively small doses causes rapid 
prolongation of the clotting time. 

a 6000 cc. blood volume required 1000 mgm. of neod>- 
mium lactate to render blood withdrawn one hour after 
injection uncoagulable indefinitely. This is equivalent to 
17 mgm. per 100 cc. 
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An antidiurctic substance was found by Gilman 
and Goodman (1) in the urine of normal rats 
during dehydration, whereas hypophysectomized 
rats failed to excrete this substance even during 
dehydration of lethal grade. Their hypothesis 
that the antidiuretic substance has its origin in the 
pituitarj' gland has been both confirmed (2, 3) 
and questioned (4, 5). Arnold (4) and Walker 
(5) found that hypophysectomy failed to reduce 
uniformly the antidiuretic activity of the urine of 
dehydrated animals. From this and other evi- 
dence it has been suggested that the antidiuretic 
substance of urine has certain properties differing 
from those of pituitrin and does not originate in 
the pituitary gland. 

The urine of patients with toxemia of pregnancy 
contains an antidiuretic substance according to 
Teel and Reid (6) and Krieger and Kilvington 
(7). In edema of various types Robinson and 
Farr (8) found that the antidiuretic activity of 
the urine was high while fluid was being retained, 
and low after diuresis had occurred. While 
Anselmino, Hoffman and Kennedy (9) were able 
to isolate an antidiuretic and pressor pituitrin-like 
substance from the blood of patients with toxemia 
of pregnancy, others have consistently been unable 
to do so (10 to 16). 

The antidiuretic substance found in urine de- 
serves further study, not only because its origin 
appears to be uncertain, but also because of the 
important role it might conceivably play in those 
forms of water retention and edema which so far 
have not been adequately explained by the purely 
physical forces included in the Starling hypothesis. 
The studies reported in this paper (a) confirm the 
presence of an antidiuretic substance in the urine 
of patients with toxemia of pregnancy, (fc) de- 
scribe differences between this substance and pitui- 
trin with respect to dialysis, ultracentrifugation, 
and effect on chloride excretion, and (c) demon- 

^ Commonwealth Fund Fellow, 1940-41. 


strate that placentas from patients with toxemia 
of pregnancy contain an antidiuretic substance 
which resembles in certain respects that found in 
their urine. 

METHODS AND MATERIAL 

The antidiuretic substance studied in these experiments 
was, with the few exceptions noted below, obtained from 
the urine of patients admitted to the Obstetrical Service ^ 
of the Hospital of the University of Virginia, because of 
hyperemesis gravidarum, hydatid mole, preeclampsia and 
eclampsia. Urine was collected over accurately timed 
periods averaging 12 hours. Before and during the col- 
lection of urine, patients received adequate amounts of 
fluid; therapeutic dehydration was delayed until the col- 
lection was complete. 

Contamination of the urine with feces was avoided, by 
catheterization if necessary. Immediately after micturi- 
tion the individual samples were placed in clean glass 
bottles in a refrigerator, no acid being added. At the end 
of the 12-hour collection period, the individual samples 
were pooled. Specific gravity, reaction to litmus, and a 
rough quantitative estimation of protein were recorded. 
In some cases the urinary protein was removed by adjust- 
ing to pH 4.0 with glacial acetic acid and heating to 80° 
C. for 20 minutes, followed by centrifugation and decanta- 
tion of the supernatant urine. Whether protein was re- 
moved or not, the entire specimen was dialyzed against 
running tap water in an oscillating apparatus containing 
long cellophane tubes 24/32 inch in diameter and 0.00072 
inch thick. Three hours of this dialysis reduced the 
chloride concentration to undetectable amounts. The di- 
alyzed urine was then concentrated to a volume such that 
1 cc. represented the urine excreted in 15 to 25 minutes, 
by boiling the entire specimen hi vacuo at 50° C. To 
reduce the volume of the specimen to the desired amount 
required about 3 hours. The concentration of chloride at 
this point ranged between 1 and 25 m.eq. per liter. The 
urine concentrate was then stored at 5° C. for assay on 
the following day. 

The urine of one normal dehj'drated subject was treated 
similarly after collection during the last 12 hours of a 
48-hour period with an intake of 800 cc. per 24 hours. 
Urine from hydrated and dehydrated rats was collected 

= We wish to express our gratitude to Doctor Tiffany 
Williams for permitting us to study patients on his serv- 
ice and to Doctor W. N. Thornton for his assistance. 
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An anlidiuretic substance was found by Gilman 
and Goodman (1) in the urine of normal rats 
during dehydration, whereas hypophysectomiaed 
rats failed to excrete this substance even during 
dehydration of lethal grade. Their hypothesis 
that the antidiuretic substance has its origin in the 
pituitarj' gland has been both confirmed (2, 3) 
and questioned (4, 5). Arnold (4) and Walker 
(5) found that hj-pophysectomy failed to reduce 
uniformly the antidiuretic activity of the urine of 
dehydrated animals. From this and other evi- 
dence it has been suggested tliat the antidiuretic 
substance of urine has certain properties differing 
from those of pituitrin and does not originate in 
the pituitary gland. 

The urine of patients with toxemia of pre^ancy 
contains an antidiuretic substance according to 
Teel and Reid (6) and Krieger and Kilvington 
(7). In edema of various types Robinson and 
Farr (8) found that the antidiuretic activity of 
the urine was high while fluid was being retained, 
and low after diuresis had occurred. While 
Anselmino, Hoffman and Kennedy (9) were able 
to isolate an antidiuretic and pressor pituitnn-like 
substance from the blood of patients with toxemia 
of pregnancy, others have consistently been unable 
to do so (10 to 16). 

The antidiuretic substance found in urine de- 
serves further study, not only because its origin 
appears to be uncertain, but also because of the 
important role it might conceivably play in those 
forms of water retention and edema which so far 
have not been adequately explained by the purely 
physical forces included in the Starling hypothesis. 
The studies reported in this paper (a) confirm the 
presence of an antidiuretic substance in the urine 
of patients with toxemia of pregnancy, (h) de- 
scribe differences between this substance and pitai- 
trin with respect to dialysis, ultracentrifugation, 
and effect on chloride excretion, and (c) demon- 

^ Commonwealth Fund Fellow, 1940-41. 


strate that placentas from patients with toxemia 
of pregnancy contain an antidiuretic substance 
which resembles in certain respects that found in 
their urine. 


METHODS AKD MATEEIAE 

The antidiuretic substance studied in these experiments 

vas, with the few exceptions noted 
he urine of patients admitted to the Obstetrical Service 
)f the Hospital of the University of Virginia, because of 
i>-peremesis gravidarum, hydatid mole, 

•clampsia. Urine was collected over accurately timed 

periods averaging 
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catheterization if necessary. Xs 
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Ltles in a refrigerator, no acid being added. At the end 
J 12-hour collection period, the individual aauP" 
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■ ry tn nH 4.0 with glacial acetic acid and beatog 
C^for 20 minutes, followed by centrifugation and decanta- 
tion of thT supernatant urine. Whether protein was r - 

moved or not, the entire specimen was dialyzed agains 
running tap water in an oscillating apparatus containing 
long cellophane tubes 24/32 inch in diameter and 0.00072 
inch thick. Three hours of this dialysis reduced t 
chloride concentration to undetectable amounta The di- 
alyzed urine was then concentrated to a volume such that 
1 cc. represented the urine excreted m IS to 2= 
by boiling the entire specimen i« vacuo at 50 U 
reduce the volume of the specimen to the desired amount 
required about 3 hours. The concentration of chloride at 
this point ranged between 1 and 25 m.eq. per liter. e 
urine concentrate was then stored at 5° C. for assay on 

the following day. , 

The urine of one normal dehydrated subject was treated 

similarly after collection during the last 12 hours of a 
48-hour period with an intake of 800 cc. per 24 boves. 
Urine from hydrated and dehydrated rats was collected 

= We wish to express our gratitude to Doctor Tiffany 
Williams for permitting us to study patients on his sen- 
ice and to Doctor W. N. Thornton for his assistance. 


455 



456 


GEORGE C. HAM AND EUGENE M. LANDIS 


by the method described by Gilman and Goodman (1). 
The greater volume of urine excreted by the hydrated 
group was concentrated to the volume excreted over the 
same period by the dehydrated group, so that the final 
samples when assayed represented per cc. the same num- 
ber of minutes of excretion. 

For assay of antidiuretic activity, the rat method of 
Burn (17) was used in modified form. A stock of male 
albino rats of a Wistar strain were kept in wire-mesh 
cages, in groups of 3, in a room maintained at an even 
temperature. They were fed measured amounts of dog 
chow checkers at the same time each day. Fresh water 
was available constantly in a standard drinking cup. This 
regular feeding and standard drinking equipment were 
found essential for consistent results. Various described 
modifications of Burn’s rat method and various methods 
of reading the curves (1 to 3, 6 to 8, 18) were com- 
pared, and the results (19) caused the adoption of the 
following technique, because of its greater dependability 
and accuracy under the conditions imposed. 

Prior to each assay 18 rats were fasted for 12 hours 
but were allowed to have water ad lib. The next morn- 
ing they were placed, by groups of 3, in a bank of 6 
metabolism cages. The cages were set over 9-inch chemi- 
cally clean glass funnels which drained into SO cc. 
graduates. Small conical screens in the apices of the 
funnels prevented feces from falling into the graduates. 
The rats were weighed and then distributed so that the 
total weight of the 3 rats in each group did not differ 
by more than 10 per cent if possible. Two of the 6 
groups were used as controls, leaving 4 groups for dupli- 
cate assays of 2 unknown solutions. 

To begin the assay procedure, each rat was given by 
gavage a “priming dose” of 0.2 per cent NaCI equivalent 
to 2.5 per cent of body weight. This 0.2 per cent NaCl 
solution yielded more consistent results than did gavage 
with tap water, particularly with respect to excretion of 
chloride in the urine (19, 21). Gavage could be accom- 
plished by one operator easily in the following manner. 
The ratls tail was clamped to a block on the table with 
rubber straps and the body was held perpendicularly by 
placing tension on the neck with the left hand. A number 
18 lumbar puncture needle, from which the point had 
been ground and to which a drop of solder in the form 
of a small bougie had been added, could then be passed 
easily with the right hand along the roof of the mouth 
and the esophagus. The needle was connected to a 100 
cc. burette, containing 0.2 per cent NaCl solution, main- 
tained under pressure of 10 mm. Hg by compressed air. 
The desired amount of solution could be run in slowly 
from the burette without injury, providing the rat was 
firmly held to prevent flexion of the body. Two hours 
after this “priming dose” was given, all the urine ex- 
creted up to that time was discarded. The volume of 
urine excreted in this preliminary period varied consid- 
erably from group to group and seemed to have no 
significance except to indicate inequality in voluntary 
water intake. 

Each rat was then given a “hydrating” dose of 02 per 
cent NaQ solution, equivalent to 5 per cent of the orig- 


inal weight. Simultaneously, the solution to be assayed 
was injected intraperitoneally in a volume totaling 1 cc. 
per 100 grams of rat. The control groups were given 
similar gavage and received intraperitoneally either 0.9 
per cent NaCl solution or distilled water, to match the 
composition of the solutions being tested. 

Starting then at zero time for each cage, the cumula- 
tive volume of urine excreted by each group of 3 rats was 
recorded at 15-minute intervals for 3 hours. The re- 
corded volumes were computed in terms of the amount 
excreted per 100 grams of rat and plotted against time 
for each cage, as shown in Figure 1. To express the 
results by a single number, the areas of these curves were 
measured in square inches, using a planimeter on the 
original chart in which one inch represented 30 minutes 
and 1.0 cc. urine. For example, in Figure 1, the control 
curve enclosed an area (ABCA) of 11.2 sq. in. The 
curve corresponding to a dose of 1 milliunit of pituitrin 
per 100 grams of rat had an area (DECD) of 8.7 sq. in.; 
the difference between the latter and the control was 
minus 2.5 sq. in., indicating slight antidiuretic activity. 
Pituitrin in a dose of 5 milliunits reduced the area 
(FGCF) to 2.4 sq. in. ; the difference from the control 
area was correspondingly greater, minus 8.8 sq. in., and 
represented moderate antidiuretic activity. 

By this method of expressing results, samples having 
no effect on water excretion would be represented by 
curves having areas approximately the same as the con- 
trols, and their activity would therefore be designated by 
a small negative or positive number. Samples having 
antidiuretic activity would be represented by curves hav- 
ing a smaller area than the controls; the nature and 
degree of their activity would be designated by a negative 
number. Conversely, samples having diuretic activity 
would be represented by curves having a larger area than 
the controls and their diuretic action would therefore be 
designated by a positive number. 

In 130 experiments, the variation between 2 control 
cages, observed on the same day, averaged 1.56 sq. m. 
with a maximal variation of 5 sq. in., the latter occurring 
in only 2 experiments. In this paper, urine concentrates 
producing numerical values between zero and minus 2 sq. 
in. are termed “inactive”; between minus 2 and minus 
sq. in., “slightly antidiuretic”; between minus 4 and 
minus 9 sq. in., “moderately antidiuretic”; and minus 9 
or more sq. in., “markedly antidiuretic.” 

The urine excreted by each group, during the 3-hour 
collection period, was analyzed for chloride by the open 
Carius method of the Volhard titration as describ6d by 
Van Slyke and Sendroy (20). Chloride excretion was 
recorded in terms of total microequivalents® per 1 
grams of rat during the entire 3-hour period. 

OBSERVATIONS 

1. Dependability and limitations of the method 

In preliminary observations, using known 
amounts of pituitrin, it was found that the metho 

® Microequivalents == equivalents X lO"*. 
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AREA 
SO. IN. 

DIFFERENCE IN 
AREA 

SO. IN. 

CHLORIDE IN URINE 
MICROEQ. PER 100 
GM.RAT PER 3 HRS. 

CONTROL 

11.2 
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1 MU. 

8.7 

-2.5 
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(E), OR 5 (G) itiLLiUNiTS OF PITUITRIN PER 100 GRAMS (For full description see text) 


escribed was quite accurate with doses of 0.5 to 
0 milliunits of pituitrin per 1(X) grams of rat. 
)oses larger than this produced curves with areas 
lightly greater than those for 10 milliunits and 
ence paradoxically smaller numerical values for 
ntidiuresis. Examination of these curves re- 
ealed that doses exceeding 10 milliunits per 100 
rams of rat produced a brief diuresis and then, 
econdarily, a profound antidiuresis, whereas the 
mailer doses produced antidiuresis only. This 
ffect has been described before with larger doses 
nd may be related to the temporaiy rise in blood 
•ressure produced by pituitrin. Since the expres- 
ion of results in terms of area includes the total 
ffect, it is essential, with pituitrin at least, to 
lilute the sample of unknown potency to the 
)roper range to obtain accurate quantitative re- 
iults. 

Although the larger doses of pituitrin had a 
laradoxically smaller total antidiuretic activity 
)ver the 3-hour period chosen, their effect on 
accretion of Cl in the urine, or their "chloruretic” * 
ictivify, increased steadily as the dose of pituitrin 
ncreased over a range of 0.1 to 1(K) milliunits per 
100 grams of rat. In fact, comparison showed, in 
igreement with the prediction made by Silvette 
(21), that pituitrin solutions may be assayed more 
iccurately by measuring their effect on Q excre- 
^lon, tha n by measuring their antidiuretic activity 

■* Chloruretic ; G. chloros, yellowish green ; plus G. 
ouresis, urination; urination of chlorides. 


alone. These findings apply only indirectly to 
the problem being reported here and will be de- 
scribed more fully in another paper (19). 

Because repeated injections of the colloidal con- 
stituents of urine into the same rats at intervals 
of days or weeks might produce artefacts due to 
anaphylaxis, it was at first thought necessary to 
use fresh rats for each assay. However, when 
the same urine concentrates, with and without pro- 
tein, were injected into the same rats after various 
intervals ranging from 7 to 27 days, no difference 
in the curves of water excretion could be detected, 
nor was there any gross evidence of anaphylaxis. 
As a further test 1 cc. of human blood serum was 
injected into each of 6 rats and repeated 20 days 
later. The curves of water excretion were the 
same. Therefore as long as the rats ate well, 
maintained their weight, and were not obviously 
abnormal, they were used for not more than 3 
assays at intervals of 10 days or more. 

2. The antidiuretic activity of human and rat 
urine under various conditions 

The results reported for rats by Gilman and 
Goodman ( 1 ) , and for human beings by Teel and 
Reid (6) and Krieger and Kulvington (7), were 
confirmed in part (Figure 2 and Table I). No 
attempt was made to study a large series of cases, 
these results being listed merely to amplify the 
reports already published and to describe the 
source of the material studied. 
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Fig. 2. Showing the Antidiuretic Activity of Urine from a Patient with Preeclampsia and 

FROM A Patient with Hyperemesis Gravidarum 


table i 

Showing sources of urine studied, number of cases, and anti- 
diuretic activity of each specimen 


Source of urine 

Number 

of 

cases 

Antidiuretic activity, 
each specimen 

None 

Slight 

Mod- 

erate 

Marked 

Rats 

Water ad lib. 

2 groups 
12 each 

2 




Dehydrated 48 hours 

2 groups 
12 each 



1 

1 

Normal subjects 

Male 1, Female 2 

3 

3 




Normal subject, dehydrated 
Female 1 

1 



1 


Chronic glomerulonephritis 
with edema 

2 

2 




Preeclampsia 

6 

1 


3 

3 

Eclampsia 

2 



1 

1 

Hyperemesis gravidarum 

3 



4 

1 

2 

Hydatid mole 

1 



1 

1 


The urine from dehydrated rats was moderately 
or markedly antidiuretic (Table I), while the 
urine of rats taking water ad lib. was inactive, 
even though the assay animals received quantities 


of dialyzed urine equivalent to the same number 
of minutes of urinary excretion by the dehydrated 
rats. The antidiuretic substance in these speci- 
mens of rat urine was found to have the same 
properties as the antidiuretic factor in human 
urine and will therefore not be discussed sep- 
arately from this point on. 

Three normal human beings, taking water ad 
lib., did not excrete detectable amounts of anti- 
diuretic substance (Table I), whereas 1 female 
subject, dehydrated to a moderate degree, excreted 
a moderate amount of antidiuretic substance. 
Two patients with chronic glomerulonephritis and 
edema excreted urine without antidiuretic activity ; 
the edema was explained adequately in these pa- 
tients by advanced hypoproteinemia. In the re- 
maining 12 cases, all suffering from complications 
of pregnancy, moderate or marked antidiuretic 
activity was observed in 16 urine specimens, and 
no activity in 1 specimen. The cases diagnosed 
“preeclampsia” presented clinical edema, albumin- 
uria, and some degree of hypertension, while those 
diagnosed “eclampsia” had, in addition to these 
abnormalities, at least one generalized convulsion. 
Figure 2 illustrates the typical results of an assay 
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of urine from a patient with prccclampsia, and 
shows a curve indicating moderate antidiuretic 
activity. 

In Fi^re 2 is included also the result of an 
assay on the urine of a patient with hyperemesis 
gravidarum. The presence of antidiuretic sub- 
stance in the urine of patients with hyperemesis 
gravidarum and hydatid mole has not been pre- 
wously reported. The results in Table I indicate 
that antidiurelic substance appears in the urine of 
these patients quite uniformly in amounts as great 
as those found in preeclampsia and eclampsia. In 
cases of h}'peremesis gravidarum, the specimens of 
urine were obtained during the first 12 hours in 
the hospital, while fluids were being administered. 
One patient in this group received, during 72 
hours, 6000 cc. of 5 per cent glucose in 0.9 per 
cent NaQ intravenously. While the urine col- 
lected on the first day was markedly antidiuretic, 
that collected on the third day was only moderately 
antidiuretic. The presence of antidiuretic sub- 
stance in the urine of these patients may be merely 
the result of the dehydration accompanying the 
condition. The patient with hydatid mole had all 
the symptoms and signs of severe preeclampsia 
and the correct diagnosis was made only after 
the mole was delivered. 

3. The effect of dialysis on the antidiuretic activity 
of pituitrin solutions and of human urine 

Gilman and Goodman (1) found that the anti- 
diuretic fraction of pituitrin solution was retained 
by the dialyzing sacs they used, whereas Walker 
(5) reported at least a 50 per cent loss of anti- 
diuretic activity when pituitrin, either in saline or 
in rat urine, was dialyzed. Our findings agree 
with those of Walker, in that pituitrin added to 
human or rat urine dialyzed as rapidly as when 
added to distilled water. There was no evidence 
that contact with human urine diminished the 
dialyzability of pituitrin or of its antidiuretic and 
chloruretic fractions. 

Table II illustrates a typical experiment. A 
pituitrin ® solution containing 10 milHunits per cc. 
in distilled water was injected in the usual dose of 
1.0 cc. per 100 grams of rat. This originally pro- 
duced antidiuresis amounting to minus 7.0 sq. in. 

° Obstetrical pituitrin, Parke Davis, lot No. 3260690, 1 
cc. containing 10 international units. 


but after dialysis for 3 hours, lost its antidiuretic 
activity completely, producing a curve with an 
area of plus 2.1 sq. in. In contrast, the anti- 
diuretic substance of urine did not dialyze. To 
make conditions as similar as possible, 2 aliquots 
of 1 urine sample were dialyzed, 1 for 3 hours and 
1 for 6 hours, then concentrated so that 1 cc. of 
each specimen corresponded to 24 minutes of urine 
secretion. They were assayed on the same day 
for comparison with each other and the same con- 
trols. As shown in Table II, after the .routine 
3-hour dialysis required to free the urine of salts, 
the first sample produced antidiuresis amounting 
to minus 5.5 sq. in. Further dialysis of this 
urine for an additional 3 hours did not change its 
antidiuretic activity significantly, the figure at 6 
hours being minus 6.2 sq. in. 

The effect of pituitrin on chloride excretion 
w’as also decreased by dialysis from 239 micro- 
equivalents per 100 grams of rat to 71 microequiv- 
alents per 100 grams, the latter being within the 
normal range of the controls. As usual (compare 
Figures 1 and 2) dialyzed urine, even when con- 
spicuously antidiuretic, had no effect on chloride 
excretion at any time. 

Similar results were obtained in 6 such com- 
parisons. The retention by cellophane of the 
antidiuretic substance in urine persisted whether 
or not the urine was first freed of protein by acid 
and heat. Walker (5) has called attention to 
differences in the permeability of various samples 


TABLE II 

The effect of dialysis on the antidiuretic activity of pituitrin 
and of human urine 


Experi- 

ment 

num- 

ber 

Substance and dose 

1 

Treatment 

Anti- 

diuretic 

actjvity| 

Total 
3-hour 
chloride 
excretion 
in the 
urine 

84 

Distilled water, 1,0 cc. 
per 100 grams of rat 

Control 

s?, in. 

1 

0 

ifirro- 
eiukaUnis 
i>cr iOO 
£ramx 

34 

Pituitrin. 10 milllunits in 
1.0 cc. distilled water 
per 100 grams of rat 

UndiaJyzed 

-7.0 

239 


Dialyzed 

3 hours 

+2.1 

71 


Distilled water, 1.0 cc. 
per 100 grams of rat 

Control 

0 

7 

18 

Urine, hyperemesis 
gravidarum. 24 minutes’ 
excretion in 1 cc. 
distilled water per 
too grams oC rat 

Dialyzed 

3 hours 

~ss 

6 


Dial>*zcd 

6 hours 

-6,2 

14 
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of cellophane of the same thickness. It seems 
safe to conclude, however, that the antidiuretic 
substance of pituitrin passes through a cellophane 
membrane of suitable thickness far more easily 
than the antidiuretic substance found in human 
or rat urine. 

4. The effect of ultracenhifugation on the anti- 
diuretic factor in pituitrin and in human urine 

An ultracentrifuge (23) with a 10° angle rotor 
(24) was used to compare the rate of sedimenta- 
tion of these 2 antidiuretic substances. Seven 
samples of pituitrin in distilled water, in concen- 
trations ranging from 2.75 to 27.5 milliunits per 
cc,, were ultracentrifuged at 60,000 r.p.m. for pe- 
riods of 4 to 6 hours. Eight samples of urine 
known to contain antidiuretic substance were 
treated in the same manner. At the end of the 
period of ultracentrifugation, the solutions were 
divided into 4 equal fractions numbering the up- 
permost, 1 and the lowermost, 4. Each fraction 
was assayed in the usual manner for its anti- 
diuretic activity. 

Figure 3 shows the results of a typical experi- 
ment, The antidiuretic activity of all 4 fractions 
of the pituitrin solution remained the same (Fig- 
ure 3, upper) indicating that the antidiuretic sub- 
stance of pituitrin had not been measurably con- 
centrated by the ultracentrifuge. On the contrary, 
the upper 3 fractions of human urine became 
essentially inactive after ultracentrifugation while 
the fourth or lowermost fraction exerted an anti- 
diuretic effect which was significantly greater than 
that of the original urine and far greater than 
that of the other 3 fractions of the same sample 
(Figure 3, lower). 

Chloride excretion was high for all 4 fractions 
of the pituitrin solutions, corresponding in general 
magnitude to antidiuretic activity. Very slight 
concentration of pituitrin may have occurred in 
that the chloride concentration of the urine from 
the assay animals was 238 microequivalents per 
100 grams for fraction 1 and 358 microequivalents 
per 100 grams for fraction 4. The antidiuretic 
substance of urine, however, had no effect on 
chloride excretion, even in fraction 4 which pro- 
duced more antidiuresis than any of the fractions 
containing pituitrin in this comparison. Chloride 


excretion was in the normal range and less than 
one-twentieth of that produced by pituitrin. 

Figure 4 summarizes all of the results obtained. 
The grade of antidiuresis, expressed in sq. in. is 
indicated by the ordinate in the center of the chart. 
The activity of the top {!), middle (2 and i) 
and bottom (4) fractions are indicated from left 
to right. Points referring to individual samples 
are connected by light lines while the heavy lines 
represent averages. The concentrations of the 
pituitrin solutions were varied to match the dif- 
ferent intensities of antidiuretic activity exhibited 
by the samples of urine before ultracentrifugation. 

With ultracentrifuged pituitrin, the variations in 
the 4 fractions of any 1 sample were within the 
admittedly large limits of experimental error in 
the assay method. No consistent difference ex- 
isted, however, in the activity of the first and 
fourth fractions, as shown by the individual ex- 
periments and by the mean of 7 experiments. 
With ultracentrifuged urine, on the contrary (Fig- 
ure 4, left), the fourth, or bottom, fraction in 8 
individual experiments always had greater anti- 
diuretic activity than the first, or top, fraction 
and the mean of these experiments slopes upward 
significantly for fraction 4. Moreover, in each 
experiment the antidiuretic activity of the fourth 
fraction was greater than that of the same urine 
before centrifugation. Prior removal of protein 
from urines containing small or large amounts did 
not alter the results. 

In summary, the antidiuretic principle of com- 
mercial pituitrin cannot be concentrated by the ul- 
tracentrifuge, while the antidiuretic factor in urine 
can be concentrated readily by this method. The 
results agree with those to be expected from dif- 
ferences in dialyzability and suggest that the anti- 
diuretic substance of urine either is, or is attached 
to, a larger molecule than the antidiuretic sub- 
stance of commercial pituitrin. 

5. Properties of fresh extract and press juice of 

the posterior lobe of the piitiitary gland ivith 
respect to dialysis and uliracenirifugaiion 

Rosenfeld (25) has called attention to certain 
differences between the physical properties of the 
“native” hormone of the pituitary gland and those 
of commercially purified pituitrin but he studied 
only the pressor and oxytocic fractions. It seemed 
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TIME— MINUTES 

Fig. 3. Upper: Showing the Antidiuretic AcnviTV of Ultracentrifuged Pituitrin in 4 Fractions, 
Numbered 1 to 4 from Above Downward. Lower: Showing the Antidiuretic AcnviTy of Ultracen- 
trifuged Potent Urine in 4 Fractions, Similarly Numbered 


desirable to extend these observations to anti- 
diuretic and chloruretic activity of the “native” 
hormone, because pituitrin might not be wholly 
representative of the hormone as it exists in the 
body. 

Saline extracts were prepared from the poste- 
rior lobes of beef pituitary glands, which had been 
kept solidly frozen since their removal from the 


animals shortly after death. Five to 10 grams, 
wet weight, of material were alternately thawed 
at room temperature and frozen by dry ice 5 times. 
Sufficient 0.9 per cent NaQ solution at 5° C. was 
added to make a 10 per cent extract and the entire 
mixture was triturated in a porcelain mortar with 
finely ground glass until homogeneous. This red- 
dish-brown solution was then filtered through 
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FRACTION 

12 3 4 



ULTRACENTRIFUGED 

URINE 



ULTRACENTRIFUGED 

PITUITRIN 


Fig. 4. Showing the Effects of Ultracentrifuged Pituitrin Solutions and Potent Urines 

(Fractions are numbered as in Figure 3) 


Whatman No. 1 filter paper and stored at 5° C. 
The cloudy, opalescent filtrate was found to have 
marked antidiuretic and chloruretic activity. Sev- 
eral preliminar)^ experiments indicated that the 
appropriate concentration for the rat assay method 
lay between 0.005 per cent and 0.05 per cent. 

As shown in Table III, dialysis of these solu- 
tions in cellophane sacs for 3 hours reduced but 
did not abolish the antidiuretic and chloruretic 
activity of the original extract. Though the anti- 
diuretic and chloruretic fractions in fresh extract 
are apparently dialyzable, it appears that for a 


given membrane and a given period of oscillating 
dialysis, the antidiuretic fraction of commercial 
pituitrin passes through the membrane more rap- 
idly than does the antidiuretic fraction from 
freshly extracted glands. Ultracentrifugation in 
12 experiments on 4 different saline extracts 
showed that the antidiuretic and chloruretic ac- 
tivity of the bottom fraction was distinctly grater 
than that of the top fraction, as shown in Table 
III. It seems, therefore, that the antidiuretic and 
chloruretic fractions in fresh saline extract are 
attached to larger molecules, than is the case in 



riTUITRIN AKO ANTIDIURETIC SUBSTAXCE IX URIXE AXD PLACEXTA 


463 


TABLE III 

The effed of dialysis and ultrauntrifugalion on Ike anii- 
diurelic and ckloruretic activity of saline extracts of 
the posterior lobe of the pituitary gland 


Ex- 

pen- 

ritni 

num- 

b» 

Substance and 
dose 

Treatment 

Antidiuretic 

activity 

Total 
3-hour 
chlonde 
excretion 
in the 
urine 




rff. in. 

3/<Vro- 

per too 
crams 

E6 

0,005 per cent 

L'ndialj-red 

-6.8 

279 


Post, Pit. 
Extract No. 2 

DiaJj'xed 

3 hours 

-3.7 

172 

123 I 

0.005 iw 

Ultracentrifuged 

-1.2 Top 

22 


Post, Pit. 
Extract No. <4 

7 hours at 

62,000 r.p.m. 

— SZ Botton 

101 

J24 

0.02S per ctnt 

U Ura cen t rif u fed 

—0.4 Top 

52 


Post. Pit. 
Extract No. 4 

7 hours at 

62.000 r.p.m. 

—4.6 Bottom^ 

260 


commercial pituitrin which has been treated by 
add. At first sight it might appear impossible 
that the active substance of saline extract can be 
dialyzable, at least slowly and partially, and also 
be concentrated by the ultracentrifuge. Rosen- 
feld (25) has reported, however, that in untreated 
press juice of the posterior lobe of the pituitary, 
the pressor and oxytocic principles exist in the 
form of a single large molecule or 2 separate large 
molecules which by ultracentrifugation appear to 
have similar sedimentation rates. Because of the 
mild extraction method used, he believes these 
large molecules to be the “natwe” hormone. 
Rosenfeld showed further that pituitrin, pitressin 
and pitocin contained the active pressor and oxy- 
tocic principles in the form of physiologically 
effective cleavage products which have much 
smaller molecular weights than the “native” hor- 
mone. 

This preponderance of “native” hormone of 
large molecular size in aqueous extract and press 
juice makes it possible to explain the apparent 
discrepancy mentioned above. Saline extract may 
initially contain “native” hormone for the most 
part with a small amount of the active deavage 
product, the latter being dialyzable, the former 
undialyzable. It would then be expected that 
dialysis of the split hormone would lead slowly to 
further cleavage and more dialysis of antidiuretic 
substance. This process, continued long enough, 
Would reduce the potency' of the sample within 
the dialyzing sac but at a slower rate than W'ould 


the same dialysis of pure split products such as 
those found in commercial pituitrin. On the 
other hand, ultracentrifugation would not disturb 
the ratio of "native” and split hormone so that 
the active antidiuretic and chloruretic substance 
could be concentrated largely in the lowermost 
fraction. 

To test this explanation, press juice ivas pre- 
pared by Dr. Morris Rosenfeld, ultracentrifuged, 
separated into 2 or 3 fractions, and then shipped 
to us for assays of antidiuretic and chloruretic 
actiwty. The top and bottom fractions of each 
sample were assayed in 12 experiments, using 
various concentrations in distilled water or 0.9 
NaQ solution. Representative results are sum- 
marized in Table IV. In all experiments the 
antidiuretic and chloruretic factors were more 
concentrated in the lower fraction, though signifi- 
cant action was still perceptible in the top fraction 
in 2 of the experiments shown. In other respects 
also, as will be reported separately (22), the cleav- 
age of the antidiuretic fraction in saline extracts 
resembles that of the pressor and oxytodc frac- 
tions of press juice. 

In summary, the antidiuretic principle of the 
“native” hormone of the posterior pituitary gland 
still dialyzes but at a definitely slower rate thaii 
does the same principle in commercial pituitrin. 
Ultracentrifugation concentrates, at least partially, 
the antidiuretic principle of the “native” hormone, 
but does not concentrate that of pituitrin. 

TABLE IV 

The effect of ultracentrifugation on the antidiuretic and 
chloruretic activity of 4 diffaenl preparations of 

press juice 


Exper- 

iment 

num- 

ber 

Substance and dotse ! 

Antidiuretic 

activity 

- i 

Total 3-hour 
chloride ex- 
cretion in 
the urine 


j 

1 

sg. in. 

Microequiv- 
cUrJs Per 
too crams 

95 

0.1 cc. press juice No. 1 diluted 
to SO cc. with distilled water 

-la Top 

79 


1.0 cc. per 100 grams of rat 

—4.8 Bottom 

230 

JOS 

O.I cc. press juice No. 2 diluted 
to 80 cc. with 0.9 per cent 

—4.9 Top 

63 


NaCI. 

1.0 cc. per 100 grams of rat 

— lO.I Bottom 

21S 

114 

0.1 cc. press juice No. 3 diluted 
to 120 cc. with 0,9 per cent 

-2.2 Top 

154 


NaCL 

1.0 cc- per 100 grams of rat 

—7.9 Bottom 

1 

294 

125 

0.1 cc. press juice No, 4 dilated 
to JOOcc. with distilled water. 

-M).60 Top 

37 


IJO CC- per 100 grams of rat 

—5.5 Bottom 

1 161 
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(5. Comparative effect of pitiiitrin, saline pituitary 
extract, pituitary press juice, and the antidi- 
uretic substance of urine, on excretion of 
the chloride in the urine (chloruresis) 

It is well known that pituitrin, in addition to 
its pressor, oxytocic, and antidiuretic effects, also 
increases the excretion of chloride in the urine. 
Even during marked antidiuresis the total excre- 
tion of chloride over a given time exceeds many- 
fold the normal total excretion of chloride. The 
concentration of chloride per unit volume of urine 
shows, of course, even more striking increase. 
Because pituitrin, so far as is known at present, 
is the only substance which produces simultaneous' 
antidiuresis and chloruresis, it seemed desirable to 


study the action of the antidiuretic substance of 
urine in this respect. 

The total chloride excreted during 3 houfs by 
each, group of assay rats, is shown in Figure 5. 
Total chloride excretion, in terms of microequiva- 
lents per 100 grams of rat in 3 hours, is shown on 
the ordinate and plotted against the antidiuretic 
activity of the same sample of urine, in sq. in., 
on the abscissa. The dotted line, just below 90 
microequivalents, indicates the maximal chloride 
excretion observed in animals receiving control 
injections. For the sake of clearness, individual 
control values are not shown. Pituitrin (open 
circles), crude extracts of fresh pituitary glands 
(crosses), and press juice of fresh pituitary gland 
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(solid triangles) increased the excretion of chlo- 
ride roughly in proportion to the grade of anti- 
diuresis. Total chloride excretion by the assay 
animals receiving pituitaiy' products was above the 
maximal level of the control experiments, except 
for 5 instances in which the dose of pituitaiy prod- 
ucts was so small that the antidiuretic effect was 
barely detectable. Thus the “native” hormone and 
its derivative, pituitrin, were chloruretic as well as 
antidiuretic and this relation held, irrespective of 
differences in dial 3 'zability or molecular size. 
There was no eridence that the antidiuretic and 
chloruretic effects could be separated. 

In striking contrast dialyzed and concentrated 
urine (solid dots. Figure 4), even when conspicu- 
ously antidiuretic, never increased chloride excre- 
tion above the level of the controls. 

7. The aniidiurcfic acliviiy of placental extracts 

The obsen'ations so far described suggest that 
the antidiuretic substance of urine differs in cer- 
tain important respects from the antidiuretic 
principle of the pituitaiy gland and may conceiv- 
ably arise elsewhere as suggested by Walker (5). 
If this be true, other sources of antidiuretic mate- 
rial must be considered. Because conspicuous 
diuresis usually follows parturition in patients 
with toxemia of pregnancy, it seemed logical to 
investigate the placenta first. Saline extracts of 
11 fresh placentas were studied, 6 from women 
delivered after normal pregnancy and 5 .from 
women delivered in the course of a toxemia of 
pregnancy. 

The freshly delivered placentas were taken 
inimediately to the laboratory. The cord and 
membranes were carefully dissected away and the 
surface of the placenta was gently washed free of 
blood dots. A careful examination of the surface 
for fresh or old infarcts was followed by multiple 
sectioning and observation of the cut surface. 
The whole placenta was then cut into small pieces 
with scissors and passed through a coarse meat 
grinder and weighed. An equal amount of 0.9 
NaQ solution was then added and the entire 
mixture was ground at a temperature not over 
20° C. in an Eppenbach colloid mill untU com- 
pletely homogeneous. This mixture was filtered 
through 3 thicknesses of surgical gauze and the 
filtrate centrifuged. The supernatant fluid was 


decanted and dialyzed in cellophane tubes against 
running tap water for 3 hours on an oscillating 
platform. The dialyzed material was stored at 
5° C. and bio-assay completed the next day. 

Figure 6 compares the results observed with 
an extract of normal placenta (above) and a pla- 
centa from a patient with toxemia (below). The 
SO per cent extract of normal placenta was in- 
active; the same was true of a 250 per cent 
extract concentrated by evaporation from the 
frozen state and redissolved in one-fifth the origi- 
nal volume of water. In contrast, 50 and 25 per 
cent extracts of the placenta from a patient with 
toxemia of pregnancy were markedly and mod- 
erately antidiuretic respectively. 

The antidiuretic activities of all the extracts 
studied are summarized in Table V, With 1 nota- 
ble exception (experiment 69), the extracts of all 
normal placentas were slightly diuretic, inactive, 
or slightly antidiuretic. No logical explanation 
can be offered for the moderate activity observed 
in experiment 69. The patient was a 21-year-old 
colored primigravida in good health, without 
edema, albuminuria, or hypertension. She had a 
normal and imeventful delivery and puerperiura. 
It is conceivable'that changes in the placenta had 
occurred too recently in this case to produce 
systemic effect. 

Extracts of placentas from patients Avith tox- 
emia of pregnancy were moderately to markedly 
antidiuretic, again Avith one notable exception, 
experiment 112, in Avhich the extract Avas only 

TABLE v 

Comparison of the antidiurelic actioity of 50 per cent exiracls 
prepared from placentas obtained from patients with 
normal pregnancy and with toxemia of pregnancy 


Normal subjects 

Patients with toxemia 
of pregnancy 

Experimeat 

Anlidiuretic 

Experiment 

Antidiuretic 

number 

activity 

number 

activity 

62 

SQ. in. 

-0.7 

55 

SQ. in, 

-7.3 

71 

-4.0 

68 

-12.6 

106 

-fO.7 

75 

-8.0 

104 

+1.7 

112 

-3.9 

107 

-2.4 

63 

-6.4* 

69 

-6.9 



Average 

-1.9 

Average 

1 -7.6 


* The antidiuretic actiAuty of this extract after dialysis 
for an additional 3 hours w-as 6.0 sq. in. 
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Fig. 6. Upper : Showing the Results of Assay of 50 Per Cent and 250 Per Cent Extracts of a 
Normal Placenta. Lower : Showing the Results of Assay of 25 Per Cent and 50 Per Cent Extracts 
of a Placenta from a Patient with Toxemia of Pregnancy 


slightly antidiuretic. This patient, a 24-year-old 
colored primigravida, had a blood pressure of 220 
mm. Hg systolic and 140 mm. Hg diastolic, bi- 
lateral choked discs, and retinal separation but no 
demonstrable edema. The other patients with 
toxemia all presented clinical edema with signifi- 
cant albuminuria and hypertension. Despite con- 
siderable variation, the average figures in Table V 


indicate that placentas from patients with toxemia 
contained considerably more antidiuretic substance 
than did placentas obtained after normal preg- 
nancies. 

The properties of the antidiuretic substance m 
placental extracts resembled those of the anti- 
diuretic substance in the urine of these patients, 
(a) As shown in experiment 63 of Table V, 
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dial3’sis for an additional 3 hours did not reduce 
the antidiuretic activity of tlie extract. (&) Ultra- 
centrifugation of the extract of experiment 55 
for 4 hours concentrated the antidiurctic substance 
in the lower fraction as shown in Figure 7. (c) 

Chloride e.xcrction by the assay animals was tested 
in each instance and was never increased even 
during marked antidiurcsis as shown in Figure 7 
to the right. 

While these results indicate that in the pregnant 
woman the placenta may contain antidiuretic mate- 
rial, still other sources must be considered to ex- 
plain the excretion of antidiuretic substance by 
delydrated male rats, male human subjects (8) 
and dehydrated non-pregnant women. Theobald 
and White (26), Walker (27) and Schaffer et al. 
(28) have reported that certain liver extracts are 
antidiuretic. Preliminary studies of our own have 
indicated also that crude 50 per cent saline extracts 
of rat livers are moderately antidiuretic but still 
have no effect on chloride excretion. A 50 per 
cent extract of abdominal muscle from the rat did 
not affect the excretion of either water or chloride. 

With respect to extracts of kidney tissue, re- 
sults are more complicated. Pickering and Prinz- 
metal (29) reported that rabbit kidney extract was 


definitely antidiuretic when injected into the dog 
but the same extract injected into the rabbit pro- 
duced transient antidiuresis followed by copious 
diuresis and simultaneous increase in the excretion 
of both sodiurn and chloride. The diuresis and 
chloruresis were ascribed to renin, the antidiuresis 
was not studied. 

Using a previously described method (30), 
9 extracts were prepared from the normal kidneys 
of rabbits and rats. While antidiuretic activity 
was observed with certain concentrations and cer- 
tain routes of injection, the results were compli- 
cated by the simultaneous or subsequent diuretic 
effect of renin. Of the tissues so far explored, 
nothing can be reported except that extracts of 
normal liver and kidney are probably moderately 
antidiuretic under certain conditions and that 
extracts of muscle are inactive. Further study is 
obviously necessary before conclusions can be 
drawn. 

DISCUSSION 

Evidence for (1 to 3, 6) and against (4, 5, 27) 
the thesis that the antidiuretic substance of urine 
arises in the pituitary glands has already been 
described. The results of comparing the anti- 



Fic. 7. Shoiwng the Effect of Ultkacextrifhgatiox (4 houes at 60,000 e.p.m.) ox the Aktidiuretic 
and Chloeoretic AcnviTY of Placental Extract (Fractions numbered 1 to 4 from above downward) 
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TABLE VI 


Comparison of the aniidiuretic substance in urine and in 
placental extracts with the aniidiuretic substance of the 
pituitary gland prepared by 3 methods 


Source of antidi- 
uretic substance 

Excretion 
! of chlo- 
i rides in 
[ urine 

Effect of ultra- 
centrifugation 

! 

Passage through 
cellophane 

I 

Urine 

No effect 

Concentrated 

Not dialyz.able 

Placental extract. . . . 

No effect 

Concentrated 

Not dlalyzablc 

Commercial pituitrin 
Saline extracts of pos- 
terior lobes of pi- 

Increased 

Not concentrated 

Dialyzable (rapid) 

tuitary glands 

Press juice of pos- 1 
terior lobes of pi- 

Increased 

Concentrated 

Dialyzable (slow) 

tuitary gland 

Increased 

Concentrated 

? 


diuretic substance in urine and placenta with the 
better known antidiuretic substance of the pitui- 
tary gland are summarized in Table VI. Though 
similar in reducing the excretion of water, these 
two substances differ most strikingly with relation 
to their effects on chloride excretion. The pitui- 
tary substance, prepared by three methods and 
administered in adequate dosage, always increased 
chloride excretion even when antidiuretic activity 
was barely detectable. The antidiuretic substance 
of urine always failed to affect chloride excretion, 
even when conspicuous antidiuresis was produced. 

Ultracentrifugation and dialysis also demon- 
strated clear cut differences between commercial 
pituitrin and the antidiuretic substance of urine, 
but when more “natural” preparations of the 
posterior lobe of the pituitary gland were studied, 
these differences became relative rather than ab- 
solute, It is unfortunate that freshly prepared 
press juice was not available for dialysis but the 
results nevertheless indicate that the antidiuretic 
substance of pituitary gland in its “native” state 
is probably attached loosely to a protein. Its 
physical properties resemble to this extent those 
of the pressor and oxytocic substances of the 
pituitary gland as described by Rosenfeld (25). 

It is conceivable that the urinary factor is con- 
centrated by the ultracentrifuge and is undialyz- 
able merely because a small molecule arising in the 
pituitary gland has, in the course of transportation 
and excretion, become attached to a large molecule. 
However, this does not explain the observation 
that the urinarj' substance does not affect chloride 
excretion. If the antidiuretic substance of urine 
actually originates in the pituitary gland it is neces- 
sar)' to postulate, in addition, a splitting of the 
chlorurctic and the antidiuretic factors, with de- 


struction or neutralization of the former some- 
where in the body. Separation of these factors 
has not yet been accomplished in vitro. This 
possibility in vivo is now being tested further in 
patients with diabetes insipidus' by studying the 
antidiuretic and chloruretic activity of their urine 
before and after the administration of pitressin 
in moderate and large doses. 

Another possibility is that the antidiuretic sub- 
stance of urine originates in some organ or tissue 
other than the pituitary gland, and never did pos- 
sess chloruretic activity. This explanation is sup- 
ported by the presence, in extracts of placentas 
from patients with toxemia of pregnancy, of an 
antidiuretic substance which resembled, in the 
three respects tested, the antidiuretic factor found 
in the urine of these patients. Whether the pla- 
centa merely stored this antidiuretic substance, or 
actually produced it, cannot be stated at this time. 
The placenta is certainly not the only source of 
antidiuretic substance, because normal men and 
non-pregnant women excrete this factor in their 
urine if they are sufficiently ^dehydrated. Other 
possible sources are liver (27) and kidney (29). 
Extracts of liver, while antidiuretic, had no effect 
on chloride excretion, whereas kidney extract pro- 
duced various effects consisting of mixtures of 
antidiuresis without effect on chloride excretion, 
and profound diuresis with marked increase m 
chloride excretion (29). Pickering and Prinz- 
metal believe diuresis and chloruresis to be the 
effect of renin. Injection of human kidney ex- 
tracts into rabbits has demonstrated that anti- 
diuresis is usually produced without affecting chlo- 
ride excretion; in a few instances these extracts 
produced diuresis along with increase in chloride 
excretion (31) but these effects bore no relation 
to the existence of hypertension during life. No 
conclusion is warranted except that further studies 
of kidney extracts are needed. 

The edema observed in cases of toxemia o 
pregnancy may be associated with a low plasma 
protein percentage, but in other instances cannot 
be adequately explained by the physical factors 
included in the Starling hypothesis. Teel an 
Reid (6) expressed the opinion that the anti- 
diuretic substance found in the urine of patients 


Lvith eclampsia could be related to water retention 
but not to the grade of hypertension. The im- 
portance of gross pathological changes in the 
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placentas of toxemic patients has been suggested 
(32) but is not generally accepted (33). Weiss 
cl al. (34) concluded that "the presence of a 
functioning placenta maintained the syndrome and 
remoral of the placenta is responsible for im- 
provement,” but were unable to demonstrate any 
pressor factor in the placentas of patients with 
toxemia of pregnancy. Of considerable interest, 
therefore, are the findings (a) that antidiuretic 
substance was found in urine of a patient with 
toxemia and hydatid mole, and (&) that greater 
amounts of antidiuretic substance are found in 
the placentas of patients with toxemia of preg- 
nancy than in those with normal pregnancies. It 
has also been found (6, 7) that after deliver)' the 
antidiuretic substance disappears rapidly from the 
urine of patients with toxemia of pregnancy as 
diuresis sets in. 

To assay accuratel)' the antidiuretic activity of 
urine may be more difficult than heretofore real- 
ized. Noble ct al. (35) have reported that the 
urine contains augmentor substances which can 
produce erroneously high values for antidiuretic 
activity when pituitary extracts are injected sub- 
cutaneously. Schaffer fl/. (28), using Walker’s 
method (5), of collodion adsorption, reported 
that lower values of antidiuretic activity were 
obtained by the adsorption method than were 
found following dialysis of the same urine. It 
has often been assumed that the antidiuretic sub- 
stance in urine arises in the pituitary gland and 
acts like pituitrin, but it has not been established 
that these properties apply also to the antidiuretic 
substance in urine. In agreement with Schaffer 
et al. (28) ,• the present results indicate that in 
quantitative assays it would be best to compare 
the yield of the dialysis and adsorption methods 
with known amounts of urinary antidiuretic sub- 
stance before far-reaching conclusions are dra^vn. 

CONCLUSIONS 

In agreement with previous observations, it was 
found that the urine from patients with toxemia 
of pregnanq' contained large amounts of anti- 
diuretic substance. Patients with hydatid mole 
(1 case) and hyperemesis gravidarum (3 cases) 
were also found to excrete significant amounts of 
antidiuretic substance. 


Whereas commercial pituitrin was dialyzable 
through cellophane, was not concentrated by the 
ultracentrifuge, and increased chloride excretion 
in the urine, the antidiuretic substance in urine did 
not pass through cellophane, was concentrated by 
the ultracentrifuge, and did not affect chloride 
excretion in the urine. 

The results so far indicate that an antidiuretic 
substance, differing in important respects from the 
hormone of the posterior pituitdry, can appear in 
the urine of human beings. 

Studies on fresh saline extracts and on press 
juice of the posterior lobe of the pituitary gland 
indicated that the antidiuretic and chloruretic fac- 
tor of the pituitary dialyzed more slowly than did 
commercial pituitrin and could be concentrated by 
the ultracentrifuge. In this more “natural” state, 
however, the pituitary substance still retained 
quantitatively its effect upon chloride excretion, 
and still differed radically in this respect from the 
antidiuretic substance found in urine. 

The placentas of patients with toxemia of preg- 
nancy contained larger quantities of antidiuretic 
substance than did placentas from normal pa- 
tients, The antidiuretic substance from placentas 
resembled in all three respects the antidiuretic sub- 
stance found in urine of such patients. The liver 
and kidney are considered briefly as other possible 
sources of antidiuretic activity. 

We wish to thank Dr. Alfred Qianutin for the use 
of the ultracentrifuge and Dr. Morris Rosenfeld for his 
generous supply of press juice. We are indebted to Mrs. 
Carolyn Carr and Mr. Herman Goslyn for technical 
assistance. 
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The localization of circulating colloidal dyes in 
areas of increased capiilarj’ permeabilitj*, and 
their ingestion there b}' phagocytic cells, has been 
under investigation for the past 30 years. First 
observed by Goldmann (1) during his early 
studies with the vital stains, it later became the 
subject of study by investigators working with the 
infiammator}' process, who found that many types 
of inflammation caused sufficient increase in per- 
meabilit}' of the capillaries to produce local accu- 
mulations of dye (2, 3, 4). 

Erans (5) described the macrophage system as 
a separate entity as a result of its delineation by 
such dyes, following an extensive study of the 
intra-vitam reactions of many dyes of the benzi- 
dine series, such as trj'pan blue (6). More re- 
cently, many workers (7 to 10) have used dye- 
accumulation as an index of the extent of permea- 
bility changes following. injections of various ir- 
ritants, fractions of inflammatory exudates, or 
organ-extracts, in an effort to elucidate the details 
of the inflammatory sequence. Burrows (II) 
provides an excellent review of the work in this 
field prior to 1932. 

Keith, Rowntree and Geraghty (12) explored 
the use of colloidal dyes in blood-volume deter- 
minations, this application arising from the fact 
that many of the acid azo dyes remain intravascu- 
lar for fairly prolonged periods of time, and ap- 
pear to form a bond with plasma protein (13). 
They, and others who followed in the same field 
(Dawson, Evans and Whipple (14), and Greger- 
son, Gibson and Stead (15)) have added much to 
our knowledge of the intravascular reactions of 
the dyes through their quantitative observations 
on serum concentrations, rates of elimination from 
the blood stream, and toxicity. Through this 

^ This study was carried out under a Fellowship from 
the National Research Council. 

This is reprint number 557 of the Harvard Cancer 
Commission. 


work a new dye came into common use, called 
Evans blue (so named because its biological prop- 
erties were first described by Prof. H. M. Evans 
(14)), otherwise known as T-1824. The latter 
name is based on the structure of the dye, indicat- 
ing that tolidine is coupled with the ‘T-8-2-4-” 
acid (I-amino-8-naphthol-2, 4-di-sulfonic acid). 
This dye is isomeric with try’pan blue, which by 
the same type of nomenclature would be “T- 
1836.” 

In the past five years, work has begun to appear 
in the literature bearing on the potential clinical 
application of the property of these dyes of con- 
centrating in abscesses. Menkin (9) saw the po- 
tentialities of this field and wrote that tiypan blue 
might be used to enhance the roentgen appearance 
of abscesses. Strauss, ef al. (16) conceived the 
idea that some substance which would concentrate 
in abscesses might be made radioactive and so be 
useful as a means of localizing them clinically. 
This group has studied various radioactive and 
non-radioactive substances including a non-radio- 
active brominated Evans blue, and a radioactive 
brominated “H-acid” (the 1-8-3-6 sulfonic acid 
comprising a portion of the trypan blue molecule) 
(17, 18). They did not employ veiy large doses 
of radioactivity and their radioactive readings 
from intact animals were quite low. Work is not 
reported with an actual radioactive dye; H-acid 
is neither colloidal nor a dye, although it is a dye- 
intermediate used in the manufacture of tiypan 
blue. They conclude that the method holds some 
promise and deserv'es further work. 

A colloidal dye such as trypan blue, by virtue 
of its property of accumulation in abscesses, of- 
fers us a means of diagnosing localized inflamma- 
tion if we can make such a dye radioactive. The 
dye must be radioactive to a degree permitting its 
detection from outside the patient with a Geiger 
counter. Furthermore, the radioactive element 
must be firmly affixed to the molecule by a non- 
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dissociating bond so that the radioactivity is car- 
ried throughout its course in the body by the 
larger organic molecule. For example, a sodium 
salt of such a dye made with radioactive sodium 
would be useless for such a purpose because the 
sodium is attached to the molecule by a polar bond, 
and dissociates in solution. Therefore, the radio- 
active sodium would exchange with stable sodium 
immediately upon introduction into the circulation 
and the dye would no longer, in any sense, be 
radioactive. 

Were this diagnostic tool to be perfected, lesions 
such as appendiceal, sub-diaphragmatic or brain 
abscesses would become more certain of diagnosis 
and more susceptible to accurate treatment. 

We wish herein to report the study of the 
localization in inflammatory lesions of a radio- 
active colloidal di-azo acid dye, di-brom trypan 
blue. 

EXPERIMENTAL PROCEDURE 

1. Chemistry 

The trypan blue molecule consists of a di-phenyl di- 
amine (ortho-tolidine) coupled through two azo linkages 


to two equivalents of H-acid (l-amino-8-naphthol-3, 6-di- 
sulfonic acid). We have rendered the molecule radio- 
active by adding two atoms of radio-bromine to the 
ortho-tolidine, and then coupling it with the acid to make 
the finished dye. The structural formula of the dye and 
the position of the bromines is shown in Figure 1. 

jRadio-brominc is chosen to confer radioactivity on the 
molecule because bromine is reactive chemically and Br“ 
has a penetrating gamma-ray.^ The half-life of Br” is 
34 hours (19). 

The brominated dye is red rather than blue; it is col- 
loidal and will pass through a cellophane membrane only 
very slowly (4 per cent in 24 hours) ; it conducts itself 
in animals substantially as trypan blue does. Because of 
the identification of the di-brom tolidine, we are assured 
of the position of the radio-bromines in the molecule. 
This radioactivity is firmly affixed to the molecule be- 
cause bromine on an aromatic ring does not ionize or 
become dissociated under ordinary conditions. 

However, adding two bromines to this molecule has 

2 The authors wish to express their gratitude to Prof. 
Robley D. Evans and the Cyclotron Group at the Massa- 
chusetts Institute of Technology, and Dr. Baldwin Curtis 
and the Cyclotron Staff of Harvard University, for pro- 
viding them with radio-bromine. Dr. Arthur Kip of the 
Massachusetts Institute of Technology has given the 
authors much assistance with the physical detection equip- 
ment used in this study. 
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increased the molecular weight by 16.8 per cent and it is 
to be expected that chemically and biologically the dye 
may difier somewhat from trypan bluc.^ 

2. Aiiivtal techniques 

■ Our first experiments were done on rats, employing 
concentrated sterile broth injected intradermally as a 
means of producing the inflammatory process (9). The 
animals were given their dye intravenously, coincident 
with the induction of the inflammation, and two hours 
later anaesthetized with intraperitoneal Nembutal, and 
studied with an unscreened Geiger counter. 

In an attempt to approximate more closely the condi- 
tions present in human inflammation, experiments were 
then done on rabbits using bacterial abscesses. These 
lesions were produced by the injection of virulent staphy- 
lococci around a mass of agar, which had been injected 
warm and allowed to gelatinate in the subcutaneous tis- 
sues. This gelatinous mass provides a nidus around which 
the infection may develop. Using such a technique, gross 
signs of inflammation are evident in 1 to 2 hours; in 6 
to 12 hours the area becomes edematous. By 24 to 48 
hours the process has either resolved or gone on to form 
a localized chronic abscess which may rupture and become 
ulcerated. 

The staphylococci were grown on blood agar for 48 
hours, with frequent transplants as a means of increasing 
their virulence. But even with these precautions there 
was suflacient variation in virulence and animal resistance 
to become a factor in interpretation of the results. 

During the 6 to 12 hour period in the development of 
the abscess, radioactive di-brom toT^n blue was injected 
intravenously, usually in fractional doses over a period of 
4 to 6 hours. An hour after the last dose, the animals 
were anaesthetized with ether or intramuscular Nem- 
butal and taken to the counter to study the distribution 
of the radioactive dye. 

3. Dosage and counting technique 

In rats, 0.1 to 0.5 gz.* was a sufficient dose of radio- 
active dye to give satisfactory readings. For rabbits, 1.5 
to 3.0 ;ic. was found to be satisfactory. The dye was used 
in concentrations of 0.25 per cent to 0.5 per cent, and from 
6 to 40 cc. of dye were necessary to administer the proper 
amount of radioactivity, depending on what period of 
time had elapsed after the standardization measurements 

^ Methods of production of free bromine from the 
cyclotron targets, the synthesis of the dye, its purification 
and properties are to be described in a subsequent paper 
( 20 ). 

^ The unit uc. (micro-curie) , as used here, is expressed 
m reference to a uranium standard. It represents a radio- 
activity reading equivalent to that given by one micro- 
curie of uranium. This amounts to about 1.6 X 10’ 
counts per minute on our instrument. The bromine iso- 
topes of short half-life are allowed to decay away before 
making the measurements so that the figures represent 
activity from Br’’ exclusively. 


were made. It will be recalled that the half-life involved 
is 34 hours, so that each 34 hours twice as much dye 
must be used to administer an equivalent amount of 
radioactivity. On an average, 20 cc. of 0.25 per cent dye 
totalled 2.0 gc. and made a satisfactory rabbit dose. 
Dyes of this strength have been useful for animal experi- 
mentation for a week after synthesis. The total amount 
of dye administered (50 to 1(X) mgra.) falls into the range 
previously used by investigators using trypan blue (9, 10) . 

Tbe detecting instrument is a Geiger counter, screened 
with lead so as to focus its registration on one portion 
of the animal at a time. This device and the amount of 
lead used are shown in Figure 2. The counter and 
counting-rate meter are connected to a recording milli- 
ammeter, so that the number of counts per minute emanat- 
ing from any portion of an animal is integrated and 
recorded. This counter has a background of counts from 
cosmic rays and local radiation of other sources, of about 
50 counts per minute (C.P.M.). The background count 
is subtracted from all the readings taken from the animal 
to give the net C.P.M. for any specific area. With the 
doses mentioned, readings from such an area on the body 
of the rabbit fall into the range of 500 to 2000 C.P.M. 

The animal is anaesthetized so that it will lie quietly, 
and is then moved about under the counter to study the 
radioactivitj' in its various portions and in the abscess. 
The C.P.M. registered from the various points are en- 
tered on a standard diagram of the animal to make a 
permanent record. It can then be determined to what 
extent the dye has accumulated in the abscess, and there- 
fore to what degree the dye accumulation indicates the 
location of the lesion. 

RESULTS 
1. In rats 

The findings in the initial experiments on rats 
are shown in Figure 3. The inflammatory proc- 
esses tvere on the abdomen, and roughly 50 per 
cent more C.P.M. were registered from that region 
than from the thorax. The control animal, on 
the other hand, showed fewer C.P.M. over the 
abdomen than over the thorax. This indicated 
concentration of the dye in the lesion to an ex- 
tent detectable with the counter, this finding being 
correlated with the appearance of dye visually at 
the site. 

2. Distribution hi normal rabbits 

An animal larger than the rat is desirable for 
this work because it allows the making of a more 
detailed study of the distribution of the radio- 
active dye in the intact animal. On the rabbit, 
10 or 12 readings may be made down the midline 
of the abdomen with a counter of this tj’pe. 
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dissociating bond so that the radioactivity is car- 
ried throughout its course in the body by the 
larger organic molecule. For example, a sodium 
salt of such a dye made with radioactive sodium 
would be useless for such a purpose because the 
sodium is attached to the molecule by a polar bond, 
and dissociates in solution. Therefore, the radio- 
active sodium would exchange with stable sodium 
immediately upon introduction into the circulation 
and the dye would no longer, in any sense, be 
radioactive. 

Were this diagnostic tool to be perfected, lesions 
such as appendiceal, sub-diaphragmatic or brain 
abscesses would become more certain of diagnosis 
and more susceptible to accurate treatment. 

We wish herein to report the study of the 
localization in inflammatory lesions of a radio- 
active colloidal di-azo acid dye, di-brom trypan 
blue. 

EXPERIMENTAL PROCEDURE 

1. Chemistry 

The trypan blue molecule consists of a di-phenyl di- 
amine (ortho-tolidine) coupled through two azo linkages 


to two equivalents of H-acid (l-amIno-8-naphthol-3, 6-di- 
sulfonic acid). We have rendered the molecule radio- 
active by adding two atoms of radio-bromine to the 
ortho-tolidine, and then coupling it with the acid to make 
the finished dye. The structural formula of the dye and 
the position of the bromines is shown in Figure 1. 

Radio-bromine is chosen to confer radioactivity on the 
molecule because bromine is reactive chemically and Br" 
has a penetrating gamma-ray .2 The half-life of Br“ is 
34 hours (19). 

The brominated dye is red rather than blue; it is col- 
loidal and will pass through a cellophane membrane only 
very slowly (4 per cent in 24 hours) ; it conducts itself 
in animals substantially as trypan blue does. Because of 
the identification of the di-brom tolidine, we are assured 
of the position of the tadio-bromines in the molecule. 
This radioactivity is firmly affixed to the molecule be- 
cause bromine on an aromatic ring does not ionize or 
become dissociated under ordinary conditions. 

However, adding two bromines to this molecule has 

" The authors wish to express their gratitude to Prof. 
Robley D. Evans and the Cyclotron Group at the Massa- 
chusetts Institute of Technology, and Dr. Baldwin Curtis 
and the Cyclotron Staff of Harvard University, for pro- 
viding them with radio-bromine. Dr. Arthur Kip of the 
Massachusetts Institute of Technology has given the 
authors much assistance with the physical detection equip- 
ment used in this study. 
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increased the molecular weight hy per cent an ' ts 
to bo expected that chemically and biologically tnc jc 
may dificr somcwliat irom trypan bltic.^ 

2. Animal tccUniqufS 

Oar first experiments were done on rats, emptoyins 
concentrated sterile broth injected intradcrmally as a 
means of producing the inflammatory process (v). 'c 
animals were given their dye intravenously, coinci en 
tvith the induction of the inflammation, and lOurs 

later anaesthetized with intraperitoneal Kembulal, ana 
studied with an unscreened Geiger counter. 

In an attempt to approximate more closely the con i 
tions present in human inflammation, experiments were 
then done on rabbits using bacterial abscesses. cs^ 
lesions sverc produced by the injection of virulent stap iy 
lococci around a mass of agar, which had been injcc 
warm and allowed to gclatinatc in tlic subcutaneous is 
sues. This gelatinous mass provides a nidus aroun w iic 
the infection may develop. Using such a technique, gros 
signs of inflammation arc evident in 1 to ^ 
to 12 hours the area becomes edematous. By o 
hours the process has cither resolved or gone o*' 
a localized chronic abscess which may rupture an eco 
ulcerated. , 

The staphylococci were grown on blood agar 
hours, with frequent transplants as a means of 
their virulence. But even with these precautions^ 
w-as sufficient variation in virulence and animal resis 
to become a factor in interpretation of the rMu ts. 

During the 6 to 12 hour period in the . 

the abscess, radioactive di-brom to'Pan blue was mj 
intravenously, usually in fractional doses over a , 

4 to 6 hours. An hour after the last dose, t e _ 

were anaesthetized with ether or intramuscu ar 
butal and taken to the counter to study the dis n u 
of the radioactive dye. 

3. Dosage and counting technique 

In rats, 0.1 to 0.5 ua.* was a sufficient dose 
active dye to give satisfactory readings. For ra ' , 

to 3.0 nc. was found to be satisfactory. The ye w 
in concentrations of 025 per cent to 0.5 per cen ’ 

6 to 40 cc. of dye were necessary to adminirter ^ (j£ 

amount of radioactivity, depending on w at peno 
time had elapsed after the standardization measu 

® Methods of production of free bromine . 

cyclotron targets, the synthesis of the dye, its pun 
and properties are to be described in w subsequen 

* The unit #ic. (micro-curie) , as used here, is 
in reference to a uranium standard. It represen • j,. 

activity reading equivalent to that given y ^ -qs 

curie of uranium. This amounts to . 

counts per minute on our instrument. The romi 
topes of short half-life are allowed to decay . 

making the measurements so that the figures r 
activity from Br*^ exclusively. 


were made. It will be recalled that the half-life involved 
is 34 hours, so that each 34 hours twice as ^ 

must be used to administer an equivalent amount of 
StocSvS! On an avntaEn, 20 =c. of 025 
totalled 2.0 pc. and made a satisfactory rabbit dose. 
Dves o£ strength have been useful for animal expen- 
mSntuon for a week after synthesis. The total amount 
of dye administered (50 to 100 mgm.) falls mto ^ 
urcvdously used by investigators using trypan blue (9, 10) . 

The detecting instrument is a Geiger counter, screened 
will lead so as to focus its registration on one portion 
of the animal at a time. This device and the amount of 
trZ are shown in Figure 2. The counter a^ 
counting-rate meter are connected to a recording milh 
ammeter, so that the number of counts per minute emanat- 
^ frnm anv oortion of an animal is integrated and 
ISorded. This counter has a background of counts from 
cosmic rays and local radiation of other sources, of abou 
STounts per minute (C.P.M.). The background eoun 
is subtracted from all the readings taken from animal 
to give the net C.P.M. for any specific area. With fte 

doses mentioned, readings from -f J ^ 1 °"" 

of the rabbit fall into the range of 500 to 2000 C.P.M. 

The animal is anaesthetized so that it will he 
and is then moved about under the counter to study the 
radioactivity in its various portions and m the abscess. 
?he C P.M. registered from the various points are en- 
tered on a standard diagram of the animal to make a 
permanent record. It can then be determined ^hat 
extent the dye has accumulated m the abscess, and there 
fore to what degree the dye accumulation indicates the 

location of the lesion. 

RESULTS 


1. In rats 

The findings in the initial experiments on rats 
are shown in Figure 3. The inflammatory proc- 
esses were on the abdomen, and roughly 50 per 
cent more C.P.M. were registered from that region 
than from the thorax. The control animal, on 
the other hand, showed fewer C.P.M. over the 
abdomen than over the thorax. This indicated 
concentration of the dye in the lesion to an ^- 
tent detectable with the counter, this finding being 
correlated with the appearance of dye visually at 
the site. 

2. Distribution in normal rabbits 

An animal larger than the rat is desirable for 
this work because it allows the makdng of a more 
detailed study of the distribution of the radio- 
active dye in the intact animal. On the rabbit, 
10 or 12 readings may be made down the midline 
of the abdomen with a counter of this t>Tx;, 
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dissociating bond so that the radioactivity is car- 
ried throughout its course in the body by the 
larger organic molecule. For example, a sodium 
salt of such a dye made with radioactive sodium 
would be useless for such a purpose because the 
sodium is attached to the molecule by a polar bond, 
and dissociates in solution. Therefore, the radio- 
active sodium would exchange with stable sodium 
immediately upon introduction into the circulation 
and the dye would no longer, in any sense, be 
radioactive. 

Were this diagnostic tool to be perfected, lesions 
such as appendiceal, sub-diaphragmatic or brain 
abscesses would become more certain of diagnosis 
and more susceptible to accurate treatment. 

We wish herein to report the study of the 
localization in inflammatory lesions of a radio- 
active colloidal di-azo acid dye, di-brom trypan 
blue. 

EXPERIMENTAL PROCEDURE 

1. Chemistry 

The trypan blue molecule consists of a di-phenyl di- 
amine (ortho-tolidine) coupled through two azo linkages 


to two equivalents of H-acid (I-amino-8-naphthol-3, 6-(li- 
sulfonic acid). We have rendered the molecule radio- 
active by adding two atoms of radio-bromine to the 
ortho-tolidine, and then coupling it with the acid to make 
the finished dye. The structural formula of the dye and 
the position of the bromines is shown in Figure 1. 

Radio-bromine is chosen to confer radioactivity on the 
molecule because bromine is reactive chemically and Br“ 
has a penetrating gamma-ray.^ The half-life of Br“ is 
34 hours (19). 

The brominated dye is red rather than blue; it is col- 
loidal and will pass through a cellophane membrane only 
very slowly (4 per cent in 24 hours) ; it conducts itself 
in animals substantially as trypan blue does. Because of 
the identification of the di-brom tolidine, we are assured 
of the position of the Tadio-bromines in the molecule. 
This radioactivity is firmly affixed to the molecule be- 
cause bromine on an aromatic ring does not ionize or 
become dissociated under ordinary conditions. 

However, adding two bromines to this molecule has 

2 The authors wish to express their gratitude to Prof. 
Robley D. Evans and the Cyclotron Group at the Massa- 
chusetts Institute of Technology, and Dr. Baldwin Curtis 
and the Cyclotron Staff of Harvard University, for pro- 
viding them with radio-bromine. Dr. Arthur Kip of the 
Massachusetts Institute of Technology has given the 
authors much assistance with the physical detection equip- 
ment used in this study. 
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increased the molecular wciRlit by 16.8 per cent and it is 
to be expected that chemically and biologically the dye 
may differ somewhat from trypan blue.® 


2, Animal techniques 


Our first experiments were done on rats, employing 
concentrated sterile broth injected intradcrmally as a 
means of producing the infiammatorj" process (9). The 
animals were given their dye intravenously, coincident 
with tlic induction of the inflammation, and two hours 
later anaesthetized with intrapcritoneal Nembutal, and 
studied with an unscreened Geiger counter. 

In an attempt to approximate more closely the condi- 
tions present in human inflammation, experiments were 
then done on rabbits using bacterial abscesses. These 
lesions were produced by the injection of virulent staphy- 
lococci around a mass of agar, which had been injected 
warm and allowed to gelatinate in the subcutaneous tis- 
sues. This gelatinous mass provides a nidus around which 
the infection may develop. Using such a technique, gross 
signs of inflammation are evident in 1 to 2 hours; in 6 
to 12 hours the area becomes edematous. By 24 to 48 
hours the process has either resolved or gone on to form 
a localized chronic abscess which may rupture and become 
ulcerated. 


The staphylococci were grown on blood agar for 48 
hours, with frequent transplants as a means of increasing 
their virulence. But even with these precautions there 
was sufficient variation in virulence and animal resistance 


to become a factor in interpretation of the results. 

During the 6 to 12 hour period in the development of 
tte abscess, radioactive di-brom trypan blue was injected 
intravenously, usually in fractional doses over a period of 
“* to 6 hours. An hour after the last dose, the animals 
were anaesthetized with ether or intramuscular Nem- 
butal and taken to the counter to study the distribution 
uf the radioactive dye. 


2. Dosage and counting technique 

In rats, 0.1 to 0.5 gc.* was a sufficient dose of radio- 
active dye to give satisfactory readings. For rabbits, 1.5 
to 3.0 fic. was found to be satisfactory. The dye was used 
w concentrations of 0.25 per cent to 0.5 per cent, and from 
to 40 cc. of dye were necessary to administer the proper 
amount of radioactivity, depending on what period of 
time had el apsed after the standardization measurements 

^Methods of production of free bromine from the 
cyclotron targets, the synthesis of the dye, its purification 
^^j^^f^^Pccties are to be described in a subsequent paper 

. * ™it PC. (micro-curie) , as used here, is expressed 
in reference to a uranium standard. It represents a radio- 
activity reading equivalent to that given by one micro- 
‘^cie of uranium. This amounts to about 1.6 X 10’ 
counts per minute on our instrument. The bromine iso- 
op« of short half-life are allowed to decay away before 
_ mg the measurements so that the figures represent 
activity from Br” exclusively. 


were made. It will be recalled that the half-life involved 
is 34 hours, so that each 34 hours twice as much dye 
must be used to administer an equivalent amount of 
radioactivity. On an average, 20 cc. of 0.2S per cent dye 
totalled 2.0 pc. and made a satisfactory rabbit dose. 
Dyes of this strength have been useful for animal experi- 
mentation for a week after synthesis. The total amount 
of dye administered (50 to 100 mgm.) falls into the range 
previously used by investigators using trypan blue (9, 10) . 

The detecting instrument is a Geiger counter, screened 
with lead so as to focus its registration on one portion 
of the animal at a time. This device and the amount of 
lead used arc shown in Figure 2. The counter and 
counting-rate meter are connected to a recording milli- 
ammeter, so that the number of counts per minute emanat- 
ing from any portion of an animal is integrated and 
recorded. This counter has a background of counts from 
cosmic rays and local radiation of other sources, of about 
so counts per minute (C.P.M.). The background count 
is subtracted from all the readings taken from the animal 
to give the net C.P.M. for any specific area. With the 
doses mentioned, readings from such an area on the body 
of the rabbit fall into the range of 500 to 2000 C.P.M. 

The animal is anaesthetized so that it will lie quietly, 
and is then moved about under the counter to study the 
radioactivity in its various portions and in the abscess. 
The C.P.M. registered from the various points are en- 
tered on a standard diagram of the animal to make a 
permanent record. It can then be determined to what 
extent the dye has accumulated in the abscess, and there- 
fore to what degree the dye accumulation indicates the 
location of the lesion. 


RESULTS 

1. In rats 

The findings in the initial experiments on rats 
are shown in Figure 3. The inflammatory proc- 
esses were on the abdomen, and roughly 50 per 
cent more C.P.M. were registered from that region 
than from the thorax. The control animal, on 
the other hand, showed fetver C.P.M. over the 
abdomen than over the thorax. This indicated 
concentration of the dye in the lesion to an ex- 
tent detectable with the counter, this finding being 
correlated with the appearance of dye visually at 
the site. 


2. Distribution in normal rabbits 

An animal larger than the rat is desirable for 
this work because it allows the making of a more 
detailed study of the distribution of the radio- 
active dye in the intact animal. On the rabbit, 
10 or 12 readings may be made down the midline 
of the abdomen with a counter of this tj'pe. 
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Fig. 4. Distributio.v of RADioAcm-E Di-Brom Trvtan Blue in a NoEiiAL Rabbit 
Figures are in counts per minute, as registered from the %-arious points shown. 


whereas in the rat there is room for only two 
or three. 

The distribution of radioactive di-brom trypan 
blue in the normal rabbit is shown in Figure 4. 
The bilateral symmetry of readings from various 
regions of the body should be noted. This sym- 
metry is consistent within a variation of 10 to 
20 per cent. Readings from the two sides of the 
head may vary to a greater degree than this be- 
cause it is difficult to place the head of the 
anaesthetized animal in precisely the same position 
on the two sides. The same applies to the hind 
legs, where variations up to 25 per cent between 
normal sides may be observed. 

If the counter is first centered over the upper 
thorax, in the midline, and then slowly moved 
down to the pelvis, taking readings each inch or 
so throughout its course, a set of readings are 
obtained which may be charted as shown in Fig- 
ure 5. This indicates that the maximal concen- 
tration of dye is found in the region of the 
xiphoid under which are found the liver, spleen, 
heart, lungs, and superior splanchnic circulation, 
all closely grouped and accounting for much of 
the blood volume of the animal. Insofar as the 


dye stays in the blood stream, largely, for th 
first 6 hours after injection, it is to be’expe t 
that this area will -contain most of the d 
Furthermore, as the dye leaves the circulation^'^' 
is taken up by the reticulo-endothelial system fsf 
and as this same region contains the liver and 
spleen, it will continue to contain much of th 
dye even after the dye leaves the blood stream ^ 

It is to be noted in Figure 5 that as the counter 
is moved down the abdomen of the animal, awa 
from these viscera, the resultant chart is a straiglu 
line. That is, the decrease in C.P.M. is propor- 
tional to the distance from the xiphoid at which 
the count is taken. 

These three points, then, bilateral ^mmetry 
maximal counts over the xiphoid, and “linearity 
of decrease” of C.P.iM. as the counter is moved 
torvard the pehis, are the chief normal findings of 
distribution of the dye in the animal from 1 to 6 
hours after it is injected. The absolute values 
may vary; the pitch or absolute height of the 
abdominal “line” may varj’, but symmetry of dis- 
tribution, maximal counts over the xiphoid, and a 
strmght line of decrease down the abdomen have 
been our findings in 53 obsen^tions on 15 control 
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Fig. 2. Cross-section Diagram of Lead Shield Surrounding Geiger Counter so 
AS TO Admit Radiation from Small Portion of an Animal at a Time 
The position of the anesthetized animal is also shown. 
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Fig. 4. Distribution of Radioactive Di-Brom Trypan Blue in a Normal Rabbit 
Figures are in counts per minute, as registered from the various points shown. 
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dye stays in the blood stream, largely, for the 
first 6 hours after injection, it is to be expected 
that this area will -contain most of the dye. 
Furthermore, as the dye leaves the circulation, it 
is taken up by the reticulo-endothelial system (5), 
and as this same region contains the liver and 
spleen, it will continue to contain much of the 
dye even after the dye leaves the blood stream. 

It is to be noted in Figure 5 that as the counter 
is moved down the abdomen of the animal, away 
from these viscera, the resultant chart is a straight 
line. That is, the decrease in C.P.M. is propor- 
tional to the distance from the xiphoid at which 
the count is taken. 

These three points, then, bilateral symmetiy, 
maximal counts over the xiphoid, and “linearity 
of decrease” of C.P.M. as the counter is moved 
toward the pelvis, are the chief normal findings of 
distribution of the dye in the animal from 1 to 6 
hours after it is injected. The absolute values 
may vary; the pitch or absolute height of the 
abdominal "line” may vary, but symmetry' of dis- 
tribution, maximal counts over the xiphoid, and a 
straight line of decrease down the abdomen have 
been our findings in 53 observations on 15 control 
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Fig. S. Chart Showing the Readings Taken from Various Points on the Mid- 
line OF A Normal Rabbit after the Injection of Radioactive Di-Brom Trypan 
Blue 

The decline in readings as the counter is moved from the xiphoid to the pelvis approxi- 
mates a straight line. 


animals. In this same group, the average differ- 
ence in C.P.M. between two normal sides was 
10.9 per cent, the mean variation was 22.25 per 
cent, and the maximum (one instance) was 44.5 
per cent, 

3. Results in rabbits with inflammatory lesions 

Our first study was devoted to lesions well away 
from the large blood-containing viscera in the up- 
per abdomen. These lesions were on the hind legs 
where the accumulation of radioactivity due to 
the lesion would be superimposed on a normally 
low reading. 

The findings in a rabbit with a hind-leg lesion 
are shown in Figure 6. The inflammatory lesion 
has produced an increment of 105 per cent more 
C.P.M. than registered from the contralateral 
nonnal leg. 

This indicates concentration of the radioactive 
dye in the lesion to an extent detectable with the 
counter, and hence permitting diagnostic localiza- 
tion of the lesion by this technique. 


This result can be produced with regularity. 
The average variation between normal sides, in a 
control group of 6 normal animals in which leg 
readings were taken, was 6.1 per cent. In an ex- 
perimental group of 9 animals with leg lesions the 
average increment produced by inflammation was 
91.0 per cent. There were no failures. 

When the lesion is in the subcutaneous tissues 
of the abdominal wall, a different problem prs' 
sents itself. The accumulation of radioactivity 
attendent upon the inflammatory process is super- 
imposed on the high concentration of radioactivity 
normally found in the abdomen. We cannot ex- 
pect a 90 per cent increment in C.P.M. due to an 
inflammatory process when that process is sma 
and localized near tissues which normally accurnu- 
late a large proportion of the injected radioactive 
dye. In fact, the increase in C.P.M., due to an 
inflammatory process on the abdomen, may be 
only in the range of 10 to 15 per cent over the 
normal figure for that point on the animal. 

However, if we turn our attention to the pattern 
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of distribution of tlie dye — tlic abdominal “line” 
— rather than the absolute C.P.M., we find that 
a significant distortion of that pattern may be 
produced by an inflammatory process. 

It will be recalled that the normal linear de- 
crease in C.P.M. is produced as the counter is 
moved caudad from the xiphoid (Figure 5). In 
the presence of an inflammatory process, this 
linear pattern may be distorted by having a 
“bump” in it, corresponding in location to the 
presence of the abscess. Such a distortion may 
be quite large and gross in character, as shown in 
Figure 7, or it may be a relatively small distortion, 
as shown in Figure 8. However, if the distortion 
of linearity constitutes an increase of 15 per cent 
or more over the expected figure (indicated by 
the dotted line), it is considered significant. 

The data on inflammatoiy processes on the 
abdomen are based on 152 readings taken from 
23 animals. In all these, “linearity” or its dis- 
tortion was studied. In 7 normal animals, all 
showed normal charts of reading taken from the 


abdomen. There were no departures from a 
straight line amounting to 10 per cent or more 
of the readings. The remaining 16 animals had 
inflammatory processes. Of these 10, or 62.5 per 
cent, showed positive distortion of the linear pat- 
tern. Six, or 37.5 per cent, showed essentially 
straight lines of decrease in C.P.M. as the counter 
was moved caudad from the xiphoid; in 2 cases, 
the lines were not straight but the distortion over 
the inflammation was inconsequential. Of the 6 
animals in whom agar and staphylococci had been 
injected, but which did not accumulate d3'e to a 
detectable extent, 3 failed to show evidence of 
acute reaction to the organisms. There was no 
edema, heat, redness or evident vasodilatation. 
The remaining 3 negative animals showed suffi- 
cient inflammatoiy reaction to warrant expectation 
that they should have concentrated the dye. If we 
exclude the 3 animals which did not develop a 
local lesion, the percentage of positive results is 
77 per cent for inflammatory processes under the 
skin of the abdomen. 



Fig. 6. Findings in a Rabbit with an Infiamiiatory Process on the Right 

Hind Leg 

The animal has received an injection of 1.3 mc. of radioactive dye. The figures are in 
counts per minute from the various points shown. The inflammatory process has ac- 
cumulated 103 per cent more dye than the control area on the other side. 
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Fig. 7. Chart Showing the Readings Taken from Various Points on the Mid- 
line OF A Rabbit Which has Received Radioactive Dye 
There is an inflammatory process in the shaded area. The normally linear decline in 
readings is distorted by a rise over the inflamed area. 


4. Experhnents ’with bromide ion 

In view of these findings with a dye made 
radioactive with radio-bromine, it is of interest to 
investigate the picture presented by the animal 
which has received an injection of radioactive 
bromine alone (as sodium bromide). 

Weir and Hastings (21) have shown that bro- 
mide ion is distributed equally throughout the 
extracellular fluids. The readings from a normal 
animal which has received an injection of radio- 
bromide is shown in Figure 9, It will be noted 
that there is no significant decrease in readings as 
the counter moves caudad over the abdomen. The 
legs, furthermore, show somewhat higher readings 
than is usually found rvith radioactive dye. The 
abdominal readings are proportionately low for 
the magnitude of the leg readings, as compared 
with dye distribution. 

The contrast of this picture with that of the 
distribution of the colloidal dye reflects the dif- 
ference in distribution of a substance which is 
intravascular, from one which is partitioned 
throughout all the extracellular fluid. The intra- 


vascular substance shows apparent concentration 
around the large blood-containing viscera, whereas 
the ion distributed throughout extracellular fluid 
shows a distribution more nearly proportional to 
the simple cross-section of the body at that point. 
This corroborates the conclusion drawn from the 
chemistry of the dye, that the “tracer" is being 
carried through the body by the larger organic 
molecule of which it is a part, rather than assum- 
ing a distribution of its own. 

Our results indicate that bromide ion concen- 
trates to a slight extent in inflammatory processes, 
probably in the edema fluid. 

5. Measurements of tissue radioactivity 

Another approach to this problem is the excision 
of tissue from the inflamed area, and the study 
of the amount of radioactivity it has taken up, )U 
contrast to that contained in adjacent normal tis- 
sue. To do this, the excised tissue is reduced to 
an ash in the presence of silver and its radio- 
activity, as silver bromide, is read directly under 
the counter. In rabbit No. 31, which gave un- 
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Fig. 8. Chart Showtkg the Reabikgs Taken from Various Points on the Mid- 
UNE OF A Rabbit Which has IIeceived Radioactive Dye 
There is an inflammatory process in the shaded area. The normally linear decline in 
readings has been distorted by the inflammation but to a lesser extent than in the animal 
shown in Figure 7. 


niistakable evidence of the presence of its abscess 
by the accumulation of radioactive dye (Figure 
7), approximately 110 per cent more radioactivity 
per gram of tissue was found in the area sur- 
rounding the inflammatory process than in the 
neighboring normal tissue. In another animal, in 
which the original counter readings gave little 
evidence as to the whereabouts of the abscess, dis- 
section revealed a very quiescent process, and only 
40 per cent more radioactive dye per gram' of 
tissue was found in the tissues around the agar 
nidus, than in adjacent normal tissue. Evidently 
the animal’s resistance to the organism was such 
as to preclude the appearance of an abscess at the 
site of injection, and thus to prevent the accumu- 
lation there of enough dye to increase the counter 
reading. 

<5. Discussion 

Radioactive di-brom trypan blue gives us a 
means of diagnosing the location of abscesses on 
the legs or in the subcutaneous tissues of the 


abdominal wall of the rabbit. The leg lesions 
present a fairly simple problem, and so long as 
there is any inflammation there, enough dye will 
accumulate to make the lesion evident on the 
counter. The abdominal lesions, on the other 
hand, present a less favorable situation, and the 
results are less gratifying, since in only 77 per 
cent of the animals could a positive correlation 
be made of the presence of a lesion and localiza- 
tion of a detectable amount of dye. In the case 
of the abdominal lesions, the inflammatory process 
must be quite intense in order to accumulate 
enough dye to be demonstrable from outside the 
body. 

The failure of some of the animals to concen- 
trate a detectable amount of dye in these lesions is 
attributable to three factors: 

(1) There is a normal variation in the ability 
of animals to concentrate the dye in inflammatory 
lesions, as noted by previous workers with dye 
(9a). 
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Fig. 9. Chart Showing the Readings Taken from Various Points on the Mid- 
line AND Legs of a Rabbit Which has Received an Injection of Radioactive 
Bromine as Sodium Bromide 

There is only a slight decrease in readings as the counter moves down the abdomen. 
The leg readings are relatively higher than those found using radioactive dye. 


(2) Variations in virulence of the organism or 
resistance of the animal may lead to such a mild 
process that the dye is not accumulated. 

(5) This particular dye does not seem to con- 
centrate as consistently in inflammatory lesions as 
does its non-brominated counterpart, trypan blue. 

The first two of these factors are important 
whenever one attempts to simulate human lesions 
with staphylococcic abscesses. Virulence and re- 
sistance cannot be closely enough controlled to 
produce unfailing abscess-formation. Properties 
of the dye may also be an important factor in its 
failure to accumulate in lesions on some of the 
animals. As previously pointed out, the molecular 
weight has been increased, the dye is less soluble 
in water, and some particulate dye may be filtered 
out in lungs or liver and thus lost to the inflamma- 
tor)' area. Shortcomings such as these, inherent 
in the dye itself, can only be overcome by further 
study of this dye or of other similar dyes such as 


its isomer, radioactive di-brom Evans blue. Such 
study is in progress at present. 

SUMMARY 

(1) A study of the distribution of radioactive 
di-brom trypan blue in normal and inflamed ani- 
mals is described. 

(2) This radioactive colloidal dye concentrates 
in inflammatory lesions to an extent detectable 
from outside the intact animal with a suitable 
counter. 

(5) Using this radioactive dye, lesions in the 
periphery of the body were detectable in all cases, 
whereas abdominal lesions were detectable in 77 
per cent of instances. 

The authors wish to express their gratitude to Dr. 
Joseph C. Aub, Dr. Waldo E. Cohn and Dr. Austin U- 
Brues for their continued interest and valuable advice, 
and to Prof. Louis F. Fieser for his assistance in regar 
to the chemistry involved. 
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Fig. 9. Chart Showing the Readings Taken from Various Points on the Mid- 
line AND Legs of a Rabbit Which has Received an Injection of Radioactive 
Bromine as Sodium Bromide 

There is only a slight decrease in readings as the counter moves down the abdomen. 
The leg readings are relatively higher than those found using radioactive dye. 


(2) Variations in virulence of the organism or 
resistance of the animal may lead to such a mild 
process that the dye is not accumulated, 

(5) This particular dye does not seem to con- 
centrate as consistently in inflammatory lesions as 
does its non-brominated counterpart, trypan blue. 

The first two of these factors are important 
whenever one attempts to simulate human lesions 
with staphylococcic abscesses. Virulence and re- 
sistance cannot be closely enough controlled to 
produce unfailing abscess-formation. Properties 
of the dye may also be an important factor in its 
failure to accumulate in lesions on some of the 
animals. As previously pointed out, the molecular 
weight has been increased, the dye is less soluble 
in water, and some particulate dye may be filtered 
out in lungs or liver and thus lost to the inflamma- 
tor}' area. Shortcomings such as these, inherent 
in the dye itself, can only be overcome by further 
study of this dye or of other similar dyes such as 


its isomer, radioactive di-brom Evans blue. Such 
study is in progress at present. 

SUMMARY 

(1) A study of the distribution of radioactive 
di-brom trypan blue in normal and inflamed ani- 
mals is described. 

(2) This radioactive colloidal dye concentrates 
in inflammatory lesions to an extent detectable 
from outside the intact animal with a suitable 
counter. 

(5) Using this radioactive dye, lesions in the 
periphery of the body were detectable in all cases, 
whereas abdominal lesions were detectable in 
per cent of instances. 

The authors wish to express their gratitude to Dr. 
Joseph C. Aub, Dr. Waldo E. Cohn and Dr. Austin _M. 
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Previous reports (1, 2, 3) have dealt with the 
serum antistreptolysin titei; response in acute glo- 
merulonephritis. Seegal, Lyttle and their asso- 
ciates (2) found that 94 per cent of 116 consecu- 
tive cases of acute glomerulonephritis were asso- 
ciated with significant rises in antistreptolysin 
titer. Longcope (3) found an increased anti- 
streptolysin titer in the acute stage of 72 per cent 
of 36 cases of acute hemorrhagic nephritis (type 
A). These studies show that the acute infections, 
which so tj'pically precede the onset of acute glo- 
merulonephritis, are generally due to the group A 
hemol3d;ic streptococcus. Winkenwerder, McLeod 
and Baker (4), however, described another type 
of glomerulonephritis (type B), characterized by 
an insidious onset of edema and a progressive 
downhill course, and usually associated with 
chronic upper respiratory infection. Although 
group A hemolytic streptococci were often recov- 
ered from the upper respiratory passages of these 
patients (type B), Longcope (3) showed that 
nses in antistreptolysin titer were a rarity. In- 
deed, the titers were frequently found to be 
abnormally low. 

The present study is based on the examination 
of the serum antistreptolysin titer response in pa- 
tients with chronic glomerulonephritis. The case 
material consists of 81 patients who have been 
studied at the Nephritis-Hypertension Clinic of 
Ur. Dana W. Atchley and Dr. Robert F. Loeb at 
the Presbyterian Hospital, a similar clinic of Dr. 
John D. Lyttle at the Babies Hospital, and at 
the Research Service of the First Division of 
the Welfare Hospital. 

This study was undertaken with full knowledge 
of the difficulty of establishing the diagnosis of 
chronic glomerulonephritis. In this series of 81 
patients presenting the picture of chronic glomeru- 
lonephritis, 24 are known to have died. Autopsies 
performed on 13 of these revealed chronic glo- 


merulonephritis. A biopsy of the kidney estab- 
lished the diagnosis in one additional case. In 
23 other cases, attacks typical either of acute 
glomerulonephritis, i.e., the onset of the disease, 
or of an exacerbation of chronic glomerulonephri- 
tis, have been observed. Thus, the diagnosis of 
glomerulonephritis seems to have been established 
beyond doubt in 37 of the 81 cases. The remain- 
ing 44 patients were thoroughly studied and, in 
the opinion of several experienced observers, 
there was no evidence of renal disease other than 
chronic glomerulonephritis. 

The patients comprising this study have been 
observed over periods of from 4 months to 8 
years. Twelve patients were followed for less 
than one year, the short follow-up being due to 
early death in 10 instances. Fifty-two, or 64 per 
cent, were followed for 2 or more years. Sera 
for the determination of the antistreptolysin titer 
were obtained at varying intervals in each patient. 
In hospitalized cases, determinations were made 
once or tvvice a week. It was not possible to 
obtain tests with this frequency in the ambulatory 
patients seen at the clinic. However, in the ma- 
jority of these instances, determinations were 
made at intervals of from 1 to 4 months. In 
addition, the patients were instructed to report to 
the clinic whenever an infection developed and 
were then studied weekly. 

. Todd (5) developed the technique for the de- 
termination of serum antistreptolysin and with 
minor modifications (2) this technique has been 
employed throughout the present studies. The 
antistreptol 3 ’sin value is determined by the mini- 
mum amount of serum necessary to neutralize a 
standard amount of streptolj'sin. The value may 
be recorded either as the amount of serum in 
fractions of cubic centimeters necessary for the 
neutralization of the streptolysin, or as units 
whicli are calculated as the reciprocal of the frac- 
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tion of cubic centimeters. The latter method was 
used throughout this study. An increase in serum 
antistreptolysin value may be represented as the 
maximum value attained in the rise or as the rise 
in titer over base-line determinations in individual 
patients. 

A significant increase in serum antistreptolysin 
has been shown to indicate group A hemolytic 
streptococcal infection, since a variety of infec- 
tions and other diseases are not followed by 
increases in the titer of this antibody (3, 5, 6). 
Mote and Jones (6), in a study of the antistrep- 
tolysin titer response of 811 “healthy” subjects 
and 525 “sick” individuals, state that, . . in no 
instance was the titer observed to increase in an 
individual in whom infection by the hemolytic 
streptococcus could be definitely excluded.” 

CRITERIA FOR RISE IN ANTISTREPTOLYSIN TITER 

In order that a rise in serum antistreptolysin 
titer be considered significant, it was required that : 

1. The increase in the titer reading be repre- 
sented by at least 2 decrements of 0.1 ml. of 
standard diluted serum over well-established base- 
line determinations for the individual patient. 
With the exception of 1 instance, each rise in the 
present study accepted as significant was based 
on 3 or more such decrements. 

2. The individual titer values of the rise oc- 


cur in a progressively increasing or decreasing 
(or both) curve. Thus, erratic fluctuations in 
titer (as shown in Figure 1) were not accepted as 
significant. 

In order to determine the true maximum value 
of a rise in antistreptolysin titer, it was further 
required that at least one test be available within 
3 weeks of the onset of an infection; or, in a few 
instances, that the antistreptolysin titer curve be 
still rising toward a maximum, if the first titer of 
the rise was determined on serum withdrawn more 
than 3 weeks after the onset of an infection. 

SUMMARY OF MATERIAL 

There were 101 significant antistreptolysin titer 
rises occurring in 61 cases. Eighty-five of these 
rises form the basis of this study 

^ In addition to the 16 rises in titer whose maxima were 
not apparent, 36 other instances of variations in anti- 
streptolysin titer were discarded for the following rea- 
sons; (fl) In two instances, clear cut end points in the 
antistreptolysin titrations could not be obtained. In both 
cases, the sera were very lipemic. In one, the rise was 
associated with a group A hemolytic streptococcus 
litis, while no infection was present in the other, (b) 
In 17 instances, the variations in antistreptolysin titer 
fluctuated without a definite trend being apparent. Sev- 
eral such fluctuations may be seen in Figure 1. Eight o 
these occurred in patients with edema. In 11 instances, 
there was no evidence of infection, while the remaining 
gave histories of frequent head colds. In no instances 
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Fig. 1. Antistreptolysin Titer Curve of Patient with Chronic' Glomerulonephritis 
Showing Low Titers Associated with Onset of Nephrotic Stage, Although Group A 
Hemolytic STREPrococa Were Present in Throat Cultures During First 6 Months of 
Nephrotic Stage 
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It should be noted that there were no variations 
of antistreptolysin titer in S of the 81 patients 
with chronic glomerulonephritis. These S patients 
were followed over periods of from 8 to 102 
months, with an average of 35 months per patient. 
An average of 21 antistreptolysin determinations 
per patient was made, with a range of 7 to 84. 
An analysis of these cases indicated no striking 
differences in their clinical course as compared 
with that of the cases showing rises in titer. 

The data presented in the foregoing sections 
are summarized in Table I. 

TABLE I 

Summary of antislreplolysin liter data irt 81 cases of chronic 
glomerulonephritis 

101 definke rises in 61 cases. 

85 rises in 56 cases, with sufneient data to indicate the 
_ maximum titer of the rise. 

16 risM -R-ith insufficient data to indicate the maximum 
titer of the rise. 

36 questionable rises in 28 cases (includes some of the 
cases above). 

8 cases with no variation of antistreptolj-sin titer in 
period of study (8 to 102 months). 

relation of sex and age to antistreptolysin 

TITER RESPONSE 

Sex did not appear to modify the antistreptoly- 
sin titer response. Of the 81 cases analyzed, 49 
were males and 32 females. Forty-eight of the 
adequately studied rises in antistreptolysin titer 
occurred in male patients, 37 in female patients. 
Table II summarizes the sex incidence in relation 
to the maximum values of the antistreptolysin 
titer rises. 

With respect to age, the rises in antistreptolysin 
titer were, in general, greater among the children 
than among the adults. These data are sum- 


TABLE n 

Sex distribution of small, medium and large rises in anti- 
streptolysin titer in chronic glomerulonephritis 


Maadmum titer 

Kumber in 

Number in 

of rise 

35 male patients 

21 female patients 

125 units or less (small).. , 

24 

16 

W units to 250 (medium) , 

14 

15 

oiO units or more (large) . . 

10 

6 


Were the throat cultures positive for hemoliTic strepto- 
toccu (c) In 17 instances, the rise in titer was indicated 
hy a single determination. In 12 of these, there were gaps 
of 2 or more months between the titer showing the rise 
and the nearest base-line determinations. 


TABLE in 

Age distribution of small, medium and large rises in anti- 
streptolysin titer in chronic glomerulonephritis 


Jifaadmum titer 
of rise 

1 

Number of i 
rises in 

5 patients, 

I to 9 j*cars 
of age 

Number of 
rises in 

28 patients. 
to to 19 years; 
of age j 

Number of 
rises in 

48 patients, 
20 or more 
years of age 

125 units or less 

0 

.17 

23 

144 units to 250 

7 

7 

IS 

333 units or more. . . . 

4 

9 

3 

Total rises 

11 

33 

' 41 


marized in Table III. It is possible that the 
severity of the hemoljTic streptococcal infections 
may have played a role in this difference, but the 
number of children in this series was not large 
enough to determine this point. 

RELATION OF INFECTION TO ANTISTREPTOLYSIN 
TITER RESPONSE 

A culture was taken of each patient’s throat at 
every visit to the clinic. Routine throat cultures 
were taken of hospitalized patients rivice a week. 
Cultures were taken daily or every other day in 
hospitalized patients if there was anj- suspicion of 
infection. In addition, the patient was questioned 
in regard to the symptoms indicative of infection, 
and examinations of the nose, pharynx and cervi- 
cal lymph nodes were made at each clinic visit, and 
at appropriate interv'als in hospitalized cases. The 
throat cultures were classified as positive or nega- 
tive for group A hemoljkic streptococci. Infec- 
tions, if present, vvere classified as chronic or 
acute. The acute infections were further sub- 
divided into “deep” or “superficial” groups, fol- 
lowing the scheme previously reported (1). Deep 
infections included mastoditis, peritonsillar or cer- 
vical abscess, moderate or severe cervical Ijunpha- 
denitis, otitis media and sinusitis. Superficial in- 
fections included phatyngitis (usually with mild 
cervical adenitis) and the "common cold.” 

Fifteen of the 85 adequately studied rises in 
antistreptolysin titer were associated with deep, 
67 with superficial, and 3 with no observed infec- 
tions. Twenty per cent of the rises in titer fol- 
lowng deep infections attained a maximum of 
333 units or more (large rises), 33 per cent 
reached from 144 to 250 units (medium rises), 
and 47 per cent reached a maximum of 125 units 
or less (small rises). The superficial infections 



486 


D. P. EARLE, JR., E. N. LOEB, D. SEEGAL, J, D. LYTTLE, ANP E. L. JOST 


showed an almost identical distribution, namely 
19, 33 and 48 per cent, followed respectively by 
large, medium and small rises in antistreptolysin 
titer. In summary, the magnitude of the anti- 
streptolysin titer response among these patients 
with chronic glomerulonephritis was unrelated to 
the deep or superficial character of hemolytic 
streptococcal infection. 

The percentage of rises in antistreptolysin titer 
associated with the presence of group A hemolytic 
streptococci and the presence or absence of infec- 
tion are summarized in Table IV. Since a rise 

TABLE IV 

Percentage of small, medium and large antistreptolysin tiler 
rises associated with cultures showing Group A hemolytic 
streptococci and with infections in patients with 
chronic glomerulojiephritis 


Maximum titer 
of rise 

Num- 
ber of 
rises 

Rises with 

I Group A 
hemolytic 
streptococci 
in cultures 

Rises with infection 

1 

Acute 

Chronic 

None 

ob- 

served 



i>er cent 

per cent 

1 

per cent | 

per cent 

125 units or less. . . 

40 

42 

78 

20 

2 

144 units to 250. . . | 

29 1 

52 

79 

14 1 

7 

333 units or more. . 

16 

75 

100 

0 

0 

All rises 

85 

52 





in antistreptolysin titer is confined to infections 
caused by hemolytic streptococci, usually Group 
A, it is apparent that this test was of definite 
value in determining the etiology of many infec- 
tions occurring in patients with chronic glomerulo- 
nephritis. 

These data indicate that rises in antistreptolysin 
titer that attain a maximum of 333 units or more 
are associated with a higher incidence of cultures 
showing group A hemolytic streptococci than are 
the smaller rises. Likewise, the greater rises are 
all associated with acute infection, while 22 per 
cent of the small rises and 21 per cent of the 
medium rises are associated either with chronic 
infection or with no observed infection. 

GROUP A HEMOLYTIC STREPTOCOCCAL INFECTION 
WITOUT RISE IN ANTISTREPTOLYSIN TITER 

In this series of 81 patients with chronic glo- 
merulonephritis, there were 5 acute infections (*1, 
otitis media; 1, bronchitis; and 3, pharyngitis) 
apparently due to group A hemolytic streptococci. 


wherein adequate antistreptolysin titer studies re- 
vealed no subsequent rise in titer. Three of 
these occurred in patients with edema, 2 in pa- 
tients without edema. All but one of these infec- 
tions occurred in patients who exhibited rises in 
titer at other times. Two of these infections oc- 
curred at a time when the titer was declining 
from a previous rise. 

Several other acute group A hemolytic strep- 
tococcal infections were observed in which ade- 
quate antistreptolysin titer data were not obtained. 
On this account, these infections could not be 
included in the analysis of the antibody response. 


GROUP A HEMOLYTIC STREPTOCOCCUS “CARRIER 

state” 

There were 26 instances of the “carrier state 
occurring in 20 patients. The “carrier state in 
this study refers, arbitrarily, to instances in which 
group A hemolytic streptococci were recovered 
from the throats of individuals without evidence 
of acute upper respiratory infection and without 
significant rise in antistreptolysin titer. Occa- 
sionally only 1 or 2 isolated throat cultures were 
positive for hemolytic streptococci, but usually 
repeated cultures over periods of several weeks to 
as long as 6 months were positive. These car- 
rier states” were frequently but not invariably 
associated with chronic sinusitis and post-nasa 
discharge. It is recognized that these carrier 
states” may represent actual hemolytic streptococ 
cal infection. However, this seems unlikely m 
the majority of instances inasmuch as 18 of these 
20 patients had responded to hemolytic strepto 
coccal infections at other times with definite rises 
in antistreptolysin titer. 


EFFECT OF NEPHROTIC PHASE ON ANTISTREP- 
TOLYSIN TITER RESPONSE 

Edema associated with low serum albumin and 
high serum cholesterol concentrations was consi^ 
ered to indicate the nephrotic phase of chronic 
glomerulonephritis. There were marked varia^ 
tions in the degree of edema and in the levels o 
serum albumin and cholesterol among the diffci^^ 
cases, as well as in particular individuals, 
problem was further confused by the occurrence, 
in some cases, of edema due to circulatory fm 
In a few instances there was a possibility ^ ^ 
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the edema and hj-poprotcinemia were due to mal- 
nutrition. However, the status of each patient at 
the time of a significant rise in antistreptolysin 
titer was evaluated and classified, to the best of 
our ability, as being either non-nephrotic or ne- 
phrotic. \Vlien this was done, it became apparent 
that the antistreptolysin titer responses to hemoly- 
tic streptococcal infections were significantly 
greater among the patients without edema than 
among those with edema. Tliis is illustrated by 
Figure 2. 

In addition, it should be noted that 18 of 26 
group A hemol 3 'tic streptococcal carrier states oc- 


curred in patients with the nephrotic element. 
Three of the 5 proven group A hemolytic strep- 
tococcal infections, not followed by a rise in titer, 
were also in the nephrotic group. 

Although, as was previousl}' indicated, there 
was a higher incidence of the greater rises in 
antistreptolysin titer among the younger patients 
than among the older groups, the height of the 
rise depended on the presence or absence of edema, 
as well as on the age distribution. This is illus- 
trated in Table V. 

Many patients with chronic glomerulonephritis 
have been observed during periods of transition 


35 Rises in Patients v/ith the Nephrotic Stage 




’ • 

• • 


Maximum 

titer of ASL 50-S5-6I-71-8H00-ltl-12S-tU-I66-?0O-2SO-m-5C0Sai«S-7l4-633-1000-1lll-U5O-1666 
rise in units 


SO Rises in fetients v/rthout "the Nephrotic Stage 


• • 


• • 


Maximum 
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rise in units 


Fig. 2. DiSTBiBunox of Maxima of ANTisTREProLysiN Titer Rises ix 
Patients tviTH Chronic Glomerulonephritis, With and Without 
Edema 


table V 


Age distribution of small, medium and large rises in antistreptolysin titer occurring among patients 
■with chronic ^omerulonephritis and edema 


Manmam titer of rise 

Patients 9 years of age 
and under 

Patients 10 to 19 
years of age 

Patients 20 and more 
years of age 

Kumber of rises 
in cases 
with edema 

Number of rises 
in cases 
without edema 

Number of rises 
in cases 
with edema 

Number of rises 
in cases 
without edema 

Number of rises 
in cases 
with edema 

Number of rises 
in cases 
without edema 

125 Units or less. . 

0 

0 

12 

5 

13 

10 

units to 250 

2 

5 

1 

6 

5 

10 

units or morft. . . 

1 

3 

1 

8 

0 

3 
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from the dry to the edematous phase of the dis- 
ease, or vice versa. In 9 of these instances 
studied, significant changes in the base line level 
of the antistreptolysin titer were noted, the titer 
being higher in the non-edematous than in the 
edematous phase. Figure 1 is an illustration of 
this point. However, in other instances, similar 
changes in base line titers were not associated 
with changes from the nephrotic to non-nephrotic 
phase of chronic glomerulonephritis, or vice versa. 

DISCUSSION 

A rise in serum antistreptolysin titer was found 
to be of definite value in detecting group A hemo- 
lytic streptococcal infections, in the presence of 
negative throat cultures, among patients with 
chronic glomerulonephritis, as well as being of 
confirmatory value when the cultures were posi- 
tive. This test was not infallible, since there 
were 5 acute infections associated with positive 
cultures for group A hemolytic streptococci which 
were not associated with rises in titer. 

Males outnumbered females in this series. Sex 
did not significantly modify the antistreptolysin 
titer response. No previous study on antistrep- 
tolysin titer in various diseases has noted any 
positive effect of sex on the test. 

With respect to age, the younger patients had, 
in general, greater rises in antistreptolysin titer 
following infection than did the older patients. 
Lyttle and his colleagues (2) reported a similar 
correlation in their study of the serum antistrep- 
tolysin titer in acute glomerulonephritis. Lippard 
and Johnson (7), however, found that rises in 
antistreptolysin titer following hemolytic strepto- 
coccal infections among children more than 17 
months of age were comparable to those observed 
in adults. Infants under 17 months of age, in 
contrast, showed little tendency to exhibit rises 
in antistreptolysin titer. In cases of chorea, 
Bunim and McEwen (8) found “no strict cor- 
' relation between the age of the patient, the severity 
of the chorea, and the height of the antistrep- 
tolysin titer.” Mote and Jones (6) found that 
the incidence of rises in antistreptolysin titer was 
greater in younger “healthy” control subjects than 
in the older age groups, presumably because of “a 
higher incidence of very mild or subclinical respira- 
tory infections in children.” In their rheumatic 


patients, age had no effect on the incidence of 
antistreptolysin titer response. They also stated 
that age had no effect on the magnitude of tk 
response in these patients. 

In the present series of 81 patients with chronic 
glomerulonephritis, it was found that the greater 
the magnitude of the rise in antistreptolysin titer, 
the greater was the frequency of positive cultures 
for group A hemolytic streptococci. It was also 
noted that the incidence of preceding acute infec- 
tion was higher in the group showing larger rises 
in titer, than among those exhibiting the medium 
and small rises. However, whether the type of 
infection was “deep” or “superficial” apparently 
made no difference in the titer response. 

Data have been presented (Figure 2) that indi- 
cate a smaller though definite response in anti- 
streptolysin titer among patients with the nephro- 
tic stage of chronic glomerulonephritis than among 
patients without edema. Previously Longcope 
(3) had noted that among his 19 cases of ty'p^ 
B” glomerulonephritis, characterized by nephrotic 
edema, the antistreptolysin titer was rarely above 
normal and was sometimes persistently very low. 
A severe hemolytic streptococcal tonsillitis in one 
of Longcope’s nephrotic patients was followed y 
a rise in antistreptolysin titer that reached a maxi- 
mum of only 100 units. As Longcope pointe 
out, the explanation for the low titers and sma 
antistreptolysin response to hemolytic streptococ 
cal infection in these patients is not clear. 

In this connection, a recent study (9) 
shown that the antistreptolysin titer of chi ren 
with nephrosis is extremely low, usually less t lan 
10 units, and that when the patient recovers t e 
titer rises to the generally accepted normal range- 
Furthermore, when these individuals contrac 
group A hemolytic streptococcal infections during 
the active phase of the nephrosis, in spite o veo' 
low base line titers, large rises in antistrepto ysi 
titer ensue in many instances. 

SUMMARY AND CONCLUSIONS 

1. The serum antistreptolysin titer response 

was analysed in 81 cases of chronic , ^ 

nephritis, studied over periods of from 4 mon 
to 8 years. 

2. Rises in serum antistreptolysin titer 
ring in patients with chronic glomerulonep n i 
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were of value in detecting the hemolytic strepto- 
coccal etiolog)' of man)’ infections in which group 
A hemolytic streptococci could not be isolated 
from the pharj’nx. 

3. A number of instances of chronic upper 
respiratory infection were obser\’ed in which re- 
peated cultures showed the presence of group A 
hemolytic streptococci. These instances unasso- 
ciated with rises in antistreptolysin titer w’ere 
designated as the “carrier state.” 

4. Certain factors affecting the antistreptolysin 
titer response in chronic glomerulonephritis were 
examined with the following results: 

0. Sex had no effect. 

b. In general, children exhibited greater titer 
response to infection than did adults. 

c. The character of the preceding hemolytic 
streptococcal infection (“deep” or “super- 
ficial”) did not appear to affect the magni- 
tude of the antistreptolysin titer response. 

d. In general, patients wnth “nephrotic” edema 
exhibited smaller rises in titer than did those 
without edema. 

5. The relation of the serum antistreptolysin 
titer response to the exacerbation in chronic glo- 
merulonephritis is discussed in the accompanpng 
paper (10), 

The authors are indebted to Miss Grace Davis and Mr. 
Walter Meyer for their technical assistance. 
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In the present study, the relation of the serum 
antistreptolysin titer to the exacerbation in chronic 
glomerulonephritis has been analysed. In a pre- 
Hous study (1), an exacerbation in chronic glo- 
merulonephritis was defined arbitrarily as an 
abrupt and marked increase in the degree of he- 
maturia. It was pointed out that slight variations 
in the urinary output of erythrocytes perhaps do 
not signify the presence of an exacerbation. Ex- 
acerbations were frequently associated with some 
impairment of renal function, generally transient 
in character. Twentj^-eight such episodes were 
reported in an analysis of 68 cases of chronic 
glomerulonephritis. The present study is based 
on this material, with the addition of 5 exacerba- 
tions that have been observed since the comple- 
tion of the earlier study. Two of these exacerba- 
tions occurred in a patient (Czse XI, PA) pre- 
viously reported (1), while the other 3 were ob- 
served in 2 of 13 new cases studied. 

The 33 exacerbations in chronic glomerulone- 
phritis have been observed in 15 of 81 cases, 
studied over periods of 4 months to 8 years. 
Each exacerbation was preceded by an upper re- 
spiratory tract infection. Group A hemolytic 
streptococci were recovered by throat culture from 
17 of these instances. Adequately studied rises 
in antistreptolysin titer, as previously defined (2), 
were associated with 20 of these exacerbations. 
Definite rises in titer were associated with 4 ad- 
ditional exacerbations, but the data were not suf- 
ficient to determine the maximum titer of the rise 
and therefore not considered in this study. 

Six exacerbations were not associated with rises 
in antistreptolysin titer. In each of these in- 
stances determinations were done with sufficient 
frequent^' to rule out the possibility of a rise. 
Group A hemolytic streptococci were recovered by 
throat culture in one of these instances, hemoljTic 
streptococci whose group was not determined in 


another, while the other 4 instances followed in- 
fections not proven to be due to the hemoljdic 
streptococcus (head colds in 2, pneumococcus type 
XXIII otitis media in 1, and lobar pneumonia, 
causative organism unknown,, in 1 ) . 

Finally, in 3 instances of exacerbation, deter- 
minations were not done with sufficient frequency 
to discover the presence of a possible brief rise 
in antistreptolysin titer. Hemolytic streptococci 
were not recovered by throat culture from any of 
these 3 instances, the associated infections being 
head colds, “grippe,” and pneumococcus type II 
ethmoiditis. These instances are not included in 
the present study. 

During the 4 months to 8 year period of 
observation on these 81 cases of chronic glomeru- 
lonephritis, 76 adequately studied rises in anti- 
streptolysin titer were observed in which urinalyses 
yielded sufficient data to determine the presence 
or absence of associated exacerbation in chronic 
glomerulonephritis. The present study does not 
include 9 of the 85 adequately studied rises in 
antistreptolysin titer ^ reported in the preceding 
paper (2). 

In summary, the data from which this paper is 
compiled were obtained from 81 cases of chronic 
glomerulonephritis in which 76 rises in antistrep- 
tolysin titer and 26 exacerbations in chronic glo- 


^ These rises in titer were eliminated from this study 
for the following reasons: (I) Although rises in titer 
were associated with sharp increases in the degree of 
hematuria, the numbers of eo'throcj'tes excreted in the 
urine during control periods were so variable that it was 
impossible to determine whether an exacerbation was 
present or not (4 instances) ; (2) Hematuria followed an 
intravenous injection of hemolj-tic streptococcus nuclco- 
protein (1 instance) ; (2) The rise in titer occurred too 
close to the time of death to permit the development of 
an exacerbation (3 instances) ; and (4) The rise in titer 
followed an unobsen-ed episode that may or may not have 
been an exacerbation (1 instance). 
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merulonepliritis were both adequately studied. 
Thus, a correlation or lack of correlation between 
the two reactions could be determined. 

RELATION OF THE MAGNITUDE OF ANTISTREPTOLY- 
SIN TITER RESPONSE TO THE OCCURRENCE OF 
EXACERBATION IN CHRONIC GLOMERULO- 
NEPHRITIS 

The 76 rises in antistreptolysin titer in this 
series were analysed for the presence or absence 
of exacerbation in chronic glomerulonephritis. It 
was notbd that only rises that attained a maximum 
titer of units or more were associated with 


exacerbations. Further, 13 of the 15 rises that 
attained a maximum titer of 333 units or more 
were associated with exacerbations. These points 
are graphically presented in Figure 1 where it may 
be seen that the higher the maximum titer of the 
rise, the more frequent is the occurrence of ex- 
acerbation. This figure also shows a similar al- 
though not so striking correlation between the 
magnitude of the rise above the base-line values 
and tbe presence or absence of exacerbation. 

It should be emphasized once more that 6 ex- 
acerbations were not associated with rises in anti- 
streptolysin titer. However, in only one of these 


Antistreptolysin 
titer in units 


- Rise in Antistreptolysin titer 
with exacerbation 
? = Rise in Antistreptolysin titer 
o without exacerbation 

Upper dot represents maximum titer 
attained by rise 

Lower dot represents base line titer 
before and or after rise 



6 Exacerbations 
without rise in 
antistreptolysin titer 

Fig. 1 . Relation of the Maximum Titer Attained by 76 Rises in Anti- 
streptolysin AND THE Magnitude of the Rises to the Occurrence of 
Exacerbation in Chronic Glomerulonephritis 
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instances was tlic preceding infection proven to be 
due to Group A hemolytic streptococci. 

As previously indicated (1), the preponderance 
of obser\’ed exacerbations in chronic glomerulo- 
nephritis occurred in children. Furthermore, it 
has been shown (2) that rises in antistreptolysin 
titer tended to be greater among the younger pa- 
tients suffering from chronic glomerulonephritis 
than among the adults. Thus, both exacerbations 
and large rises in antistreptolysin titer were un- 
common among adults. However, 3 of the 6 rises 
attaining a maximum titer of 250 units or more 
that were observed in patients 20 years of age or 
older were associated with exacerbations. These 
relations are shown in Figure 2. It seems likely, 
therefore, that there is a more direct correlation 

Maximum Antistreptolysin 
titer of rise 
in units 



Age groups 

Fic. 2. Relatiox of the Occurrence of Exacerba- 
tion IN Chronic Guujerulonephritis to the Maxima 
OF Rises in Antistreptolysin Titer and to Age 


behveen the magnitude of the antistreptolysin titer 
response and the incidence of exacerbations than 
between age and the incidence of exacerbations. 

In the preceding paper (2) it was pointed out 
that the antistreptolysin titer response was, in 
general, greater among patients with chronic glo- 
merulonephritis without nephrotic edema than 
among patients with edema. Thus, 19 of the 50 
rises obsen'ed among patients without the nephro- 
tic element attained a maximum titer of 250 units or 
more, while only 6 of the 35 rises found in edema- 
tous patients reached similar levels. However, 
the incidence of exacerbations associated with rises 
of this magnitude was approximately the same in 
patients without and wdth edema, 13 of 17 and 3 
of 5 respectively (disregarding the several rises 
associated with equivocal exacerbations). Thus, 
there appears to be a more direct correlation be- 
tween the magnitude of the antistreptolysin titer 
response and the incidence of exacerbations, than 
between the status of the nephritis (with dr with- 
out nephrotic edema) and the occurrence of ex- 
acerbations. 

RELATION OF THE ONSET OF ANTISTREPTOLYSIN 

TITER RISE TO THE ONSET OF EXACERBATION ' 
IN CHRONIC GLOMERULONEPHRITIS 

In 8 instances of exacerbation, antistreptolysin 
titer determinations were done j at intervals that 
permitted conclusions as to whether the exacerba- 
tion began before, during, or arter the onset of 
the rise in titer. These 8 instances are shown in 
Figure 3, where the onset of infmion is repre- 
sented by the heavy vertical line. XGontrol antiT 
streptolysin titer values are shown t^the left of 
this line, while the rises in titer are ods^he right. 
The onset of hematuria in each instance'<is indi- 
cated by an arrow. 

It may be noted in Figure 3 that the exacerba- 
tion occurred before the rise in antistreptolysin 
titer was apparent in 7 of these 8 instances. This 
is not surprising in view of the brief latent period 
between the preceding infection and the onset of 
the exacerbation in chronic glomerulonephritis 
(3). In addition, each of the 20 exacerbations 
associated with adequately studied rises in anti- 
streptolysin titer occurred well before the peak of 
the rise was reached. 
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Antistreptolysin 
titer in units 



Fig. 3. Relation of Onset of Rise in Antistrep- 
tolysin Titer to Onset of Exacerbation in Chronic 
Glomerulonephritis 


RELATION OF THE ANTISTREPTOLYSIN TITER RE- 
SPONSE TO IMPAIRMENT OF RENAL FUNCTION 
DURING EXACERBATION IN CHRONIC 
GLOMERULONEPHRITIS 

The renal function was investigated before, 
during, and after the exacerbations as previously 
described (l)/f>y nieans of either the urea clear- 
ance test, the phenolsulphonphthalein excretion 
test, the urw ratio of Mosenthal and Bruger (4), 
or the serum non-protein nitrogen level, or by a 
combination of these. As pointed out in the 
earlief study of exacerbations in chronic glomeru- 
lonephritis (1), the inability to demonstrate a 
decrease in renal function following certain ex- 
acerbations may be related either to the slight 
'degree of the renal damage or to failure to employ 
appropriate renal function tests at sufficiently fre- 
quent intervals. 

However, some impairment of renal function 
was demonstrated by one or more of the tests 
mentioned above in 21 of the 33 exacerbations = 

2 Protocols of 28 of these exacerbations have been 
published (1). 


under consideration in this study. The impair- 
ment in function was transient with but one ex- 
ception (Case X, ED) (1). 

The significance of this transient impairment of 
renal function in the exacerbation in chronic glo- 
merulonephritis is not certain. Goldring (5, 6) 
has shown, using the urea clearance test, that 
during the acute stage of rheumatic fever and 
lobar pneumonia there may be renal hyperfunction 
followed by transient depression of function. 
Since the exacerbation in chronic glomerulone- 
phritis occurs so soon after the preceding infection, 
there is the possibility that the transient impair- 
ment of renal function observed in many exacerba- 
tions in chronic glomerulonephritis may in part 
represent a peculiar response to infection. 

Seventeen of the 24 exacerbations associated 
with definite rises in antistreptolysin titer showed 
some evidence of renal function impairment. Sim- 
ilarly, 4 of the 6 exacerbations, in which adequate 
antistreptolysin titer studies revealed no rises, 
were associated with impairment of renal function. 
Thus, the presence or absence of associated rises 
in titer did not appear to modify the incidence of 
renal function impairment (as measured in this 
study) in exacerbations in chronic glomerulone- 
phritis. 

DISCUSSION 

As part of a study on the effects of upper 
respiratory infection on the course of chronic glo- 
merulonephritis, the relation of the serum anti- 
streptolysin titer to the exacerbation in this dis- 
ease has been investigated. In a previous report 
(1), it was indicated that each exacerbation ob- 
served in chronic glomerulonephritis was preceded 
by an infection, generally due to the group A 
hemolytic streptococcus. It was also noted that 
a transient decrease in renal function was a com- 
mon feature in exacerbations in chronic glomerulo- 
nephritis. In an effort to obtain further data on 
the mechanism of the development of exacerba- 
tions in chronic glomerulonephritis, this analysis 
of the relation between the serum antistreptolysin 
titer response and the exacerbation was undertaken. 

The data presented above indicate that when 
patients suffering from chronic glomerulonephritis 
develop rises in antistreptolysin titer following 
Group A hemolytic streptococcal infections, the 
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incidence of cxnccrbaUons is greater among the 
instances of large rises in titer than among the 
small rises. This finding does not indicate that 
a rise in antistreptolysin titer is a prerequisite for 
the development of an exacerbation (as defined 
above) in chronic glomerulonephritis, since it has 
been pointed out that the exacerbation usually oc- 
curs liefore the rise in titer is apparent. More 
important, 6 instances of exacerbation were not 
associated with rises in titer. Although the lowest 
maximum value attained by a rise in antistrep- 
tolysin titer associated with an exacerbation in the 
present study was 144 units, Longcope (7) re- 
corded an 'instance of exacerbation in which the 
associated rise in titer reached a maximum of only 
100 units. However, it does appear that when 
there is an antistreptolysin titer response, the 
higher the rise in titer, the more likely' is the 
occurrence of associated exacerbation. 

The explanation for this apparent correlation 
betv,'een the magnitude of the antistreptolysin titer 
response and the occurrence of exacerbations in 
chronic glomerulonephritis is not clear from the 
data at hand. However, several possibilities may 
be considered, all of which have been mentioned by 
several authors (7, 8, 9, 10, 11, 12, 13) in discus- 
sions of the relation of the serum antistreptolysin 
titer to various diseases due to or associated with 
the group A hemolytic streptococcus. For exam- 
ple, certain strains of hemolytic streptococci may 
be more prone to evoke both exacerbations and 
larger rises in titer than other strains, although 
there is no direct evidence to support this possi- 
bility. 

The possibility that exacerbations follow severe 
infections rather than mild ones and that the asso- 
rted large rises in titer are a reflection of the 
severity of the preceding infections is not sup- 
ported by two observations. First, 14 of the 24 
exacerbations associated with rises in titer fol- 
lowed mild infections (pharyngitis 12 instances, 
tonsillitis 1 instance, and “common cold” 1 in- 
stance). Indeed, the trvo highest rises in anti- 
streptolysin titer (1250 and 1666 units) were 
associated with exacerbations followed infections 
of this type. And second, as pointed out in the 
preceding paper (2), there was no apparent cor- 
relation between the magnitude of the antistrep- 
tolysin titer response in chronic glomerulonephritis 


agd the “deepness” or “superficiality” of the pre- 
ceding infection. The superficial infections in- 
clude pharyngitis, tonsillitis and “common cold.” 
jMote and Jones (13) likewise state, “. . . in both 
the mild and the severe infections every type of 
antistreptolysin ‘O’ curve has been encountered.” 

The association of exacerbations with large 
rather than small rises in antistreptolysin titer 
might be explained by an increase in the ability 
of chronic nephritics undergoing exacerbation to 
produce antistreptolysin in response to group A 
hemolj'tic streptococcal infections. If this be so, 
horvever, it is not clear whether the development 
of an exacerbation depends on an altered anti- 
body response, whether the reverse is true, or 
whether both reactions are simply two' manifes- 
tations of some other process. 

There have been some obser\'ations that support 
the view that, in certain diseases due to of asso- 
ciated with group A hemolytic streptococciy^he 
antibody response to the infection differs from the 
response to uncomplicated infections. Tl;;ms, Co- 
bum and Pauli (11) found that attacks "of acute 
tonsillitis and pharyngitis in “normal” individuals 
were infrequently followed by rises in antistrep- 
tolysin titer, and that when rises did occur they 
rarely reached high values. In contrast, increases 
in antistreptolysin were more constant and greater 
in magnitude after similar infections associated 
with the development of attacks of rheumatic 
fever. Longcope (7) made similar observations 
and suggested that, “It might be foui^d that the 
response of this particular antibody is exaggerated 
in erysipelas, scarlatina, rheumatic fever and in 
one form of acute hemorrhagic nephritis.” Mote 
and Jones (13), however, in the summary of their 
extensive studies on hemolytic streptococcal anti- 
bodies in 1336 control cases, 399 cases of hemo- 
lytic streptococcal infections, 749 cases of rheu- 
matic fever, and 285 cases of various types of 
infections, stated: “In our opinion, none of the 
analyses, including a detailed examination of the 
antistreptolysin ‘O’ curves in both rheumatic and 
non-rheumatic subjects, have revealed any basic 
difference in the hemolytic streptococcal antibody- 
response, insofar as the antibodies investigated are 
concerned, between the non-rheumatic and the 
rheumatic individual in their reaction to infection 
by the hemoly'tic streptococcus.” 
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In the present study, although there was a 
definite correlation- between the magnitude of the 
antistreptolysin titer response (when present) to 
the incidence of exacerbation in chronic glomerulo- 
nephritis, 6 exacerbations were not associated with 
a rise in titer. Two of these followed hemolytic 
streptococcal infections and probably represent 
definite exceptions to the usual association of a 
rise in antistreptolysin titer, in response to infec- 
tion, and the development of an exacerbation. 
However, the other 4 exacerbations, not associated 
with rises, followed infections not shown to be of 
hemolytic streptococcal origin. These may possi- 
bly have represented some non-specific reaction of 
the kidneys. 

It has been noted that the onset of the exacer- 
bation generally precedes the onset of the rise in 
serum antistreptolysin titer. This is in striking 
contrast to the findings of Coburn ( 14) in regard 
to rheumatic fever. This author found that at- 
tacks of rheumatism usually developed when the 
titer was still rising, in the second week after the 
preceding infection. This may represent a real 
difference between the immune responses of pa- 
tients with glomerulonephritis and with rheumatic 
fever, and appears similar to other biological 
differences between these conditions, discussed in 
an earlier communication (3). 

i 

sjjMMARY AND CONCLUSIONS 

1. Thirty-three exacerbations in chronic glo- 
merulonephritis have been observed in 15 of 81 
nephritic' patients, studied for from 4 months to 
8 years. Each exacerbation was preceded by an 
infection. 

2. Twenty-four of these exacerbations were as- 
sociated with rises in serum antistreptolysin titer, 
in 6 there was no rise, and in 3 the data were 
insufficient to determine whether a rise in titer 
had occurred. 

3. When it occurred, the greater the magnitude 
of the rise in antistreptolysin titer, the greater was 
the incidence of associated exacerbation in chronic 
glomerulonephritis. 

4. The exacerbation preceded the onset of the 
rise in antistreptolysin titer in 7 of the 8 suffi- 
ciently studied instances. 

5. There was a high incidence of transient im- 


pairment of renal function in exacerbation asso- 
ciated with and also without rises in antistreptoly- 
sin titer. 

The authors are indebted to Miss Grace Davis arid Mr. 
Walter Meyer for their technical assistance. 
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In a previous study (1) of the nitrogen metabo- 
lism of premature infants, it was noted that edema 
developed in some infants when they were changed 
from diets of human milk to diets of cow’s milk 
containing equivalent amounts of protein, fat, 
carbohydrate, and fluid. In subsequent studies of 
water and electroljde exchange under similar die- 
tarj- conditions (2). a lag in renal excretion of 
the extra sodium and chloride ingested in the 
cow’s milk was found to accompany the large gain 
in weight. These observations suggested the pres- 
ent stud}' to determine whether premature infants 
have a defect in kidney function. This seemed 
particularly desirable since the adequacy of renal 
function (3) presumably acts as a major deter- 
minant of minimal fluid requirements. 

As a first approach to this problem, measure- 
ments were made of the 24-hour plasma urea clear- 
ance in a group of young prematurely bom and 
full term infants. The results reported in this 
paper indicate that the urea clearance of premature 
infants is lower than that of full term infants of 
comparable postnatal age, and that in both groups 
the clearance is lower than that reported for older 
infants and adults. Moreover, the urea clearance 
of individual infants rose strikingly with increas- 
ing age. No relation was found to exist between 
urea clearance and urine flow for the group as a 
whole, and in each of 4 infants, augmentation of 
the urine flow from 25 to 100 per cent by increas- 
ing the fluid intake did not improve the urea 
clearance. 

METHODS 

Subjects 

Fifteen healthy, male premature infants, ranging in age 
from 8 to 65 days and in weight from 1.6 to 3.4 kgm., 

1 Assistance in this work was given by the Children’s 
Bureau, U. S. Department of Labor. 

-Presented in part before the meeting of the Society 
for Pediatric Research, Atlantic City, N. J., May 7, 
1941. (Am. J. Dis. Child., 1941, 62, 894.) 


were studied in 35 observations. Twelve observations 
were made in 9 male full term infants whose ages and 
weights ranged from 7 to 73 days, and from 2.8 to 4.9 
kgm., respectively. All the infants were thriving at the 
time of study. 

Diets 

In all but one observation, the diets consisted of cow's 
milk 3 diluted with water and fortified in most instances 
with either cane sugar or dextrimaltose to provide an 
adequate caloric intake. In all but 4 observations (Tables 
II and III), the daily protein intake was high, i.e. from 
4 to 6 grams per kgm. The daily fluid intake was within 
the customary range of 130 to 185 cc. per kgm. in all but 
3 observations. All the infants received 10 or 20 drops 
daily of a vitamin A and D concentrate (percomorph 
oil) ; approximately half received daily supplements of 25 
mgm. of ascorbic acid. 

Urine and blood 

Urine was collected (4), using toluol as a preservative, 
for carefully timed periods of approximately 24 hours. 
One-half to 1 cc. of venous or occasionally capillary 
blood was drawn into short tubes, containing either oxa- 
late or heparin, at the beginning and end of the 24-hour 
period. Blood urea nitrogen was determined gasometri- 
cally, using the method of Van Slyke arid Kugel (5). 
Urine urea and ammonia nitrogen were similarly deter- 
mined and calculations of urea excretion made on the 
assumption that the ammonia appearing in the urine had 
been filtered through the glomeruli as urea. This was 
considered a fairer estimate of urea excretion (6) than 
the determination of urea alone since, in addition to the 
variable formation of ammonia from urea by the renal 
tubules, bacterial formation of ammonia in voided urine 
was not consistently prevented.'* 

The 24-hour clearance method used by Landis and his 
co-workers (7) is particularly suited to young infants for 
two reasons. Catheterization and washing out the bladder 

2 The following preparations of cow’s milk were used : 
evaporated or powdered whole milk, powdered half- 
skimmed milk (alacta), a powdered skimmed milk — olive 
oil preparation (olac), and a half-skimmed olac. The 
latter product was prepared specially by the Mead John- 
son Co. 

* Urinary ammonia averaged 14 per cent of the total 
urinary urea plus ammonia and was less than 20 per cent 
in 34 of 40 observations in which the partition was deter- 
mined (Tables II and III). 
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to insure complete emptying may be omitted without in- 
troducing a large error, since the amount of urine retained 
by spontaneous incomplete voidings comprises only a 
relatively small fraction of the 24-hour urine flow (vol- 
ume 75 to 400 cc. per 24 hours in these observations). 
Secondly, the feeding to these infants of their daily diets 
in 6 or 8 aliquots at 4 or 3 hour intervals tends to mini- 
rhize fluctuations in blood urea (Table I). 


TABLE I 

Hourly variations in blood urea nitrogen 


Hours* 

after 

feeding 

1 

Blood urea nitrogen 1 

i .. ... .. ... ' 

Aver- 

age 

Maxi- 

mum 

devia- 

tion 

! 

I 1 

1 

11 

2 


3 

1 

1 3i 

1 

4 

Premature 



rngtrie 

t>er 100 cc. 




Per cent 
average 

T. R 


23.7 


1 27.1 


123.8 

1 

24.9 

9 

J. s 

33.4 


30.9 


31.8 


30.4 

31.6 

6 

C. M 


17.0 


17.5 




17.3 

2 

C. T 

27.3 


29.6 

27.4 




28.1 

5 

LA 

2S.9 


26.1 


24.0 



25.3 

8 

Full term 




i 






A. A 

20.4 



20.9 



20.1 

20.5 

2 

F, M 

19.1 


1 

1 

17.9 


18.4 


18.5 

3 

W. C 



20.1 


20.7 

20.8 


20.5 

2 

T, T 





27.4 

i 


I 



1 


1 

i 

31.2 j 


29.8 1 

29.S 

7 

J. R 





26.9 










28.3 i 

i 

27.8 j 

27.7 

3 

K. K 

17.S 


22.0 


16.1 


17.S 

18.3 

20 

C. A 



17.9 

19.3 

19.8 

19.9 

19.9 i 

19.2 

7 






1 


18.5 




* Infants were fed every 3 or 4 hours throughout the 24 
hours, and blood was drawn at the stated intervals follow- 
ing meals. 


For each of 5 premature and 7 full term infants, urea 
nitrogen was determined in 3 or 4 samples of blood taken 
from 1 to 4 hours following the same or a similar feed- 
ing at different times of the day. The maximum devia- 
tion in any one specimen was, for 11 of the 12 infants, 
between 2 and 9 per cent of the average. In 1 infant 
(K. K.) the maximum deviation in a single specimen was 
20 per cent of the average, but omission of this deter- 
mination would have changed the average blood urea by 
only 8 per cent. It is of interest that the blood urea 
nitrogen of this group of thriving infants fed high protein 
diets (see also Tables II and III) is considerably higher 
than the customary levels found in adults. 

RESULTS 

The detailed results of the observations on pre- 
mature and full term infants are presented in 
Tables II and III, respectively, and a summary of 
the results in Table IV. 


TABLE II 

■ Urea clearance of prematurely born infants 


Urine 















Urea 

and 

am- 

Blood 

Urea 

Subject 

Age 

Weight 

Surface 

area(a) 

Vol- 

urea 

nitro- 

gen 

clearance 
cc. per 
minute 





ume 

monia 
nitro- 
gen (6) 





days 

grams 

SQ. 

meter 

cc. per 
minute 

mgm. 

per 

100 cc. 

mgm. 
per 
100 cc. 

vvn 

per 
i 15. 

meter 

F. L. 

17 

1600 

0.131 

0.112 

54 

S.iic) 

1.1 

-i.s 


65 

3205 

0.221 

0.259 

64 

6.5(c) 

2.5 

11.S 

R. K. 

27 

1800 

0.143 

0.052 

859 

26.4 

1.7 

11.8 


30 

1915 

0.150 

0.096 

464 

23.2 

1.8 

11.9 

H. A. 

10 

1890 

0.149 

0.131 

314 

23.9 

1.7 

11.4 


29 

2520 

0.184 

0.183. 

464 

22.5 

3.8 

20.7 


SO 

3630 

0.243 

0.254 

371 

19.8 

4.8 

19.8 

W. B. 

19 

1930 

0.151 

0.132 

350 

23.5 

2.0 

13.2 


23 

1990 

O.ISS 

1 0.139 

286 

22.1 

1.8 

11.6 


24 

2010 

0.156 

! 0.133 

342 

20.8 

2.2 

14.1 


40 

2710 

! 0.195 

1 0.110 

437 

17.6 

2.7 

13.8 


47 

2970 

i 0.209 

I 0.174 

461 

20.2 

4.0 

19,1 

E. D. 

31 

1953 

0.152 

S 0.064 

830 

21.9 I 

2.4 

15.8 

A. G. 

23 

1970 

0.153 

0.106 

' 346 

19.9 

1.8 

11.8 


24 

2040 

0.158 

0.127 

283 

21,1 

1.7 

10.8 


35 

1 2445 

0.180 

0.135 

' 370 

19.0 

2.6 j 

14.4 

B. G, 

18 

1985 

0.154 

0.126 

200 

31.0 

! 1.6 

10.S 


23 

2170 

0.165 

0.140 

392 

25.7 

2.1 

12.7 


31 

2510 

0.184 

0.173 

334 

19.3 

3.0 

! 16.3 

P. A. 

10 

2125 

0.162 

0.116 

429 

26.1 

1.9 

' 11.7 


29 

2750 

0.197 

0.195 

547 

32.7 

3.3 

16.8 


31 

2800 

0.200 

0.249 

449 

31.2 

3.6 

17.9 


45 

3410 

0.232 

0.242 

523 

27.1 

4.7 

20.3 

J.S. 

19 

2160 

0.164 

0.106 

434 

23.2 

2.0 

12.2 

J. C. 

8 

2200 

0.167 

0.133 

347 

22.4 

2.1 

12.6 


14 

2360 

0.176 

0.141 

99 

5.2(c) 

2.7 

15.3 


43 

3260 

0.224 

0.248 

436 

21.3 

5.1 

22.8 

T. R. 

21 

2209 

0.167 

0.080 

724 

26.6 

2,2 

13.2 


49 

3035 

0.212 

0.302 

391 

23.1 

5.1 

24.1 


58 

3340 

0.228 

0.208 

656 

24.9 

5.5 

24.1 

V. C. 

8 . 

2393 

0.178 

0.144 

612 

32.4 

2.7 

15.3 


10 

2385 

0.177 

0.230 

322 

27.4 

2.7 

15.3 

R. L. 

27 

2420 

0.179 

0.183 

447 

27.5 

3.0 

16.8 

R. DeL. 

32 

2555 

0.186 

0.226 

157 

13.4 

2.6 

14.2 

A. H. 

23 

2965 

0.208 

0.139 

674 

21.2 

4.4 

21.3 


(a) Surface area for both premature and full term infants 
was calculated using the formula 5.188 X wt.-’“ (8). 

(b) Urea plus ammonia nitrogen was approximately vv 
per cent of the total urinary nitrogen. 

(c) These infants received a low protein diet. 

In Table IV, the observations have been di- 
vided into two groups according to postnatal age. 
For both groups, under and over 30 days of age, 
the clearance was lower in premature than in full 
term infants. The mean clearance for the whole 
group of premature infants tvas 15.3 cc, per sq. 
meter per minute, as compared with 21.0 cc. for 
the full term infants. Although the ranges over- 
lap, the difference of 5.7 cc. between the mean 
clearances is almost five times the probable error 
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TARI-n Itl 

Urfa clearance oj full term infants 






Urine 




S’jbJccl 

Age 

Weisht 

Sur- 

face 

area 

VoL 

Urea 

and 

Blood 

urea 

niiroscn 

Urea 
clearance 
cc. per 
minute 




1 

ume 

nia nl- 
trosxrJ 





deyi 

[rant 

! 

^c. 

: rrtifT 

cr. i'fT 
ninute 

per 

100 cc. 

men. 

per 

100 u. 

c/r/B 

per 

1 sq. 

\ meter 

R. J. 

30 

2790 

0.199 

0.220 

398 

23.8 

3.7 

18.5 

W. C. 

7 

3255 

0.224 

0.125 

246 

10.0* 

3.1 

13.8 


27 

3700 

1 

0.246 

0.146 

648 

20.5 

4.6 

18.7 

J. R. 

39 

3730 

0.248 

0.229 

660 

27.8 

5.4 

21.7 

W. D. 

14 

4163 

0.269 

0.136 

741 

17.0 

5.9 

22.0 

K. K. 

71 

4200 

0.271 

0.136 

1049 

18.3 

7.8 

28.8 


73 

4275 

0.274 

0.270 

515 

16.2 

8.6 

31.3 

D.S. 

59 1 

4280 

0.275 

0.2S6 

507 

19.3 

6.7 

24.5 

T. T. 

27 

4360 

0.278 

0.191 

748 

30.5 

4.7 

16.8 


41 

4860 

0.302 

0.188 

691 

25.7 

5.1 

16.7 

G. M. 

54 

4530 

0.286 

0.156 

689 

15.2 

7.1 

24.7 

V.F. 

23 

4600 

0.290 

0.099 

662 

16.1 

4.1 

14.1 


* This infant received a relatively low protein intake 
(3 grams per kgm.). 


TABLE IV 

Urea clearance cf premature and full term infants. 
Summary of results 


Postnatal age 

Premature infants 

Full term infants 

Num- 
ber 
of ob- 
serva- 
tions 

' Urea clearance 

Num- 
ber 
of ob- 
sen'a- 
tions 

! Urea clearance 

i 

1 

Mean 

1 Range 

Mean 

Range 

1 

1 


cc. per sq. meter 


cc. Per sq. meter 

‘ 1 


per minute 


per minute 

Less than 30 da vs . . 

21 

13.7 1 

8.5-21,3 

6 

173 

13.8-22.0 

30 days and over. . , 

14 

17,6 

11,5-24.1 

6 

24.6 

16.7-31.3 

Total 

3S 

153 * ' 

8,5-24.1 

12 

21.0* 

I3.8-3IJ 



-i- 







P.E. 0.47 ! 


P.E. 1.08 


* Difference between means is 5.7 ± 1.18. 


of the difference. The mean clearances for both 
groups of young infants (15 and 21 cc.) are con- 
siderably lower than the average clearance of 38 
cc. per sq. meter per minute (range 23 to 55 cc.) 
found in older infants by Schoenthal (9), and 
the "standard” and “maximum” clearances of 
adults, 30 and 40 cc. per sq. meter per minute 
(10). Since, as will be shown later, the clear- 


ances in these young infants were "maximum” at 
the time of observation, i.c., increasing the urine 
flow did not increase the clearance, there tan be 
no doubt that young infants, both premature and 
full term, have a defect in urea clearance when 
compared with older infants and adults. Evi- 
dence confirming the existence of this defect in 
young infants has recently been published (11). 

Effect of increasing size and postnatal age on 
urea clearance 

The effect of increasing maturation as measured 
by increasing size and age on urea clearance is 
indicated in Figure 1, in which repeated observa- 
tions on 8 premature and 2 full term infants are 
presented. The ages at the initial and final ob- 
servations for each infant are also indicated. It is 
seen that a rise in clearance took place in each of 
the 8 premature and in 1 of the 2 full term infants 
as they grew larger and older. The figure also 
gives some measure of the variability in clearance 
between infants of similar size as well as age. 

Infant F. L. (premature), who showed a low 
clearance at both 17 and 65 days of age, w’as the 
only infant on a low protein diet at the time of 
both observations. It has been reported (12) 
that under certain conditions low protein diets 
depress the urea clearance and this may have con- 
tributed to the persistently low findings for this 
infant. Further work is needed to elucidate this 
point. 

TABLE V 


Effe^ of increased urine flow on Z4-hour urea clearance 


Subject 

Ago 

1 

Wdght 

Fluid! 

in- 

take 

Urine 

Volume 

Urea 
and 
ammo- 
nia ni- { 
trogen 

Blood 

urea 

nitro- 

gen 

1 

Urea 

clearance 




cc. 

cc. 

CC. per sq. 

mgm. 

mgm. 

cc. per sq. 


days 

grams 

per 


meter per 

per 

Per 

meter per 




kpm. 

ulc 

minute 

cerJ 

cent 

minute 

R. K. 

27 

1800 

Ill 


0.36 

859 

26.4 

11.8 


30 

1915 

146 


0.64 

464 

23.2 

11.9 

V. C. 

8 

2393 

133 


0.81 

612 

32.4 

i 15.3 


10 

2385 

218 

0.23| 

1.30 

323 

27.4 

15.3 

P. A. 

29 

2750 

145 


0.99 

547 

32.7 

16.6 


31 

2800 

186 

1 

0.25 

1.25 

449 

31.2 

17.9 

K.K. 

71 

4200 

1 136 

0.14 

0.50 

1084 

18.3 

29.8 


73 

4275 

! 182 

0.27 

0.98 

515 

16.2 

31.3 
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WEIGHT KG. 

• PREMATURE »--•»( FULL TERM 
AGE AT INITIAL AND FINAL OBSERVATION IS INDICATED 

Fig. 1. The Relation of Increasing Size and Days of Age to Urea Clearance in 

Individual Infants 


Effect of variations in urine flow on urea 
clearance 

Because the urine flows for most of the infants 
were below the arbitrary “augmentation” limit for 
adults of approximately 0.9 to 1.2 cc. per sq. 
meter per minute {i.e. 1.5 to 2.0 cc. per minute), 
the effect of increasing the urine flow on the urea 
clearance was studied in 4 infants. In each of 
these infants, the urea clearance was determined at 
two levels of fluid intake, at least 24 hours of 
the altered intake elapsing before the second ob- 
servation began. Increasing the fluid intake in- 
creased the initial urine flows of 0.4 to 1.0 cc. 
per sq. meter per minute by from, 25 to 100 per 
cent, but this was accompanied by a proportional 
decrease in urinary concentration of urea. Since 
the blood urea did not change greatly, the clear- 
ances remained constant. This lack of relation of 
urine flow, within the ranges studied, to urea clear- 
ance is confirmed by the low coefficient of corre- 




lation (0.17 ±; 0.09) between urea clearance and 
urine flow computed for the whole group of ob- 
servations (Tables II and III). 

These results are not in accord with the con- 
clusions of McCance and his coworkers (H), who 
using uncatheterized specimens collected over prob- 
ably short periods, reported a direct relationship 
between the urea clearance and the minute volume 
of urine. They considered this relationship as 
affording added evidence for instability of renal 
function in young infants. The discrepancy may 
be explained in part by the fact that most of the 
infants studied by McCance and his coworkers 
were less than 14 days of age, and it may be that 
in very young infants under conditions of low fluid 
intakes and very low urine flows {e.g., 0.2 cc. per 
sq. meter per minute) (11) there is a direct rela- 
tion between urea clearance and urine flow. The 
reported results, however, show a large scatter. 
Furthermore, estimations of urea clearance from 
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spontaticously voided specimens over short pe- 
riods permit the introduction of a significant sys- 
tematic error which would show low urea elcar- 
anccs for low urine volumes and large elearances 
for large volumes. Either catheterized specimens 
for short periods of time or long periods of col- 
lections such as were used in the present study 
are necessarj’ to minimize this source of error. 
Suffice it to say that using the 24-hour method, no 
relation was found in the present study between 
urine flow and urea clearance, this lack of corre- 
lation being evident in an 8-day-old premature in- 
fant and in a full term infant of 70 days, over a 
range of clearances of from 12 to 30 cc. per sq. 
meter per minute, and over a range of initial 
urine flows of from 0.4 to 1.0 cc. per sq. meter 
per minute. 

DISCUSSION 

The low urea elearanee of young infants may 
be caused by diminished glomerular filtration or 
increased tubular reabsorption of urea. Shannon 
(13) has demonstrated that with low urine flows 
there is an increased reabsorption of urea, pos- 
sibly due to prolonged contact of urine with the 
cells of the reabsorbing tubules. The lack of 
correlation in the whole group of observations 
between urine flow and urea clearance, and the 
lack of effect in 4 infants of sharp rises in urine 
flow on urea clearance, suggest that increased 
tubular reabsorption of urea due to low urine 
flow is not the cause for the low urea clearances 
observed in this study. 

The other explanation for diminished urea clear- 
ances is a decreased glomerular filtration. We 
have-not yet had the opportunity to measure simul- 
taneous inulin and urea clearances in young in- 
fants, but Barnett (14) has reported that the rate 
of removal of inulin from the blood is slower in 
full term infants of 5 to 9 days than in infants 
of 2 to 7 weeks, and that in both groups the 
rate is slower than in children of 6 to 10 years. 
Although, as has been pointed out (15), these 
data are inadequate for quantitative interpretation 
of the blood inulin curves in terms of clearance, 
Barnett’s explanation would account for the higher 
urea clearances in older infants noted by Mc- 
Cance and Young (11a) and those reported in the 
present study. 


Histological studies (16) of the glomeruli of 
the fetus and newborn infant supply anatomical 
support for the supposition of defective glomerular 
filtration. The earlier the stage of development 
of the kidney, the fewer the rows of glomeruli in 
the cortex, and the less convoluted the capillaries. 
The actual amount of blood coursing through the 
glomeruli and the size of the filtering surface may 
thus be limited by the state of development of the 
glomeruli. Another factor limiting filtration is 
the extent of the la 3 'er of cuboidal cells lining the 
glomerulus. The shedding of this layer may be 
wholly developmental or it may be partly de- 
pendent on postnatal circulatory changes. Finally, 
glomerular dynamics in these young infants may 
be conditioned by postnatal physiologic adjust- 
ments of a systemic rather than solely renal 
character. 

Studies of inulin and diodrast clearance may 
throw light on the mechanisms involved. Defini- 
tion of the relation of defective renal function in 
young infants to peculiarities in water and acid- 
base metabolism (17) and to such clinical states 
as dehydration fever, acidosis and tetany in the ' 
newborn period must await completion of studies 
of tubular function. 

SUMMARY 

The 24-hour -plasma clearance of urea was 
determined in 35 observations on 15 premature 
infants and in 12 observations on 9 full term in- 
fants, ranging in age from 8 to 65 and from 7 to 
73 days, respectively. The urea clearance is lower 
in premature than in full term infants, and in both 
groups of young infants it is lower than that re- 
ported for older subjects. No relation was found 
to exist behveen urine flow and urea clearance. 
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INTRODUCTION 

Recent advances in the study of human nutri- 
tion indicate that a clinical deficiency of vitamins 
or other food factors may occur not only because 
of an inadequate intake or because of faults in 
storage or in utilization within the body, but also 
because of faulty absorption from the digestive 
tract. Consequently an accurate, direct and quan- 
titative method of estimating the absorption of 
such substances in the human, under controlled 
conditions, is urgently needed. Various technics, 
including some developed in this clinic since 1934, 
have been used as a basis for the method which 
we will now describe and which seems to have 
certain advantages over those previously employed. 
At the same time, to illustrate the practical value 
of the method, we will present certain observations 
on its application to the absorption of ascorbic acid 
from the duodenojejunal region of normal sub- 
jects. The results have been of such a nature as 
to suggest that the method is trustworthy and 
applicable to the testing of other substances in 
health and in disease. 

PREVIOUS METHODS 

The tests of absorption utilized in the past have been 
inadequate for several reasons. In the procedures de- 
pendent on the concentration of the substance in the 
blood, such as Althausen’s (1) galactose method, the 
rate of withdrawal of the test material from the blood 
for utilization,' storage, and excretion cannot be controlled. 
Balance studies of total intake against total output in the 
feces fail to yield exact data on absorption because of 
the uncertain influence of bacterial action on the test 
substance in the bowel and of the possibility of its ab- 
sorption and subsequent excretion into that organ. The 
employment of intestinal intubation, as originally sug- 
gested by Miller and Abbott (2), gives more direct data 
on absorption, though such specific technics as have been 
described (3 to 6) do not permit the intestine to function 

^ Sponsored by the Smith, Kline and French Labora- 
tories, Inc. 


normally or eliminate the possibility of certain quantita- 
tive errors. The closed-loop intubation method (3, 4) 
prevents the admixture of gastric, intestinal, hepatic, and 
pancreatic secretions from above, which presumably is 
necessary for normal absorption. The open-loop technic 
of Groen (5), because of the amount of the substance 
introduced at one time, distorts the ratio of volume to 
area, thereby interfering with the normal absorptive mech- 
anism. In these methods, also, the damming back of 
large volumes of the test solution above the distal de- 
limiting balloon often leads to an escape of some of the 
material beyond the test area, particularly in the presence 
of abnormal peristalsis associated with a diseased state. 

CRITERIA OF A SATISFACTORY METHOD 

To determine the absorptive power of the intestine for 
a given substance, a solution of the latter should be 
brought into contact with the absorbing surface under 
conditions that duplicate insofar as possible those that 
occur during the normal digestion of food : the motor and 
secretory functions of the intestine should not be dis- 
turbed and the concentration of the substance in solution 
should be within the range of normal for that section of 
the bowel. In order to insure such a physiological state 
of the intestine, care should be taken to avoid any me- 
chanical obstruction, such as a balloon above the area 
under study, which might interfere with the normal 
progress of peristalsis or a free flow downstream of the 
secretions from the stomach, liver and pancreas. At the 
same time a method of obturation of the distal end of the 
intestinal segment should be chosen that will confine the 
test solution to the area under study and yet not initiate 
any unusual intestinal reaction. The chemical and physi- 
cal characteristics of the material to be introduced, its 
volume and its rate of flow should be within the range of 
normal for the human as determined by such studies as 
those of Karr and Abbott (7). 

A satisfactory absorption technic should not only op- 
erate within these physiological limitations, but also should 
be a quantitative procedure. This requires the maximal 
application of the test substance to a known area of ab- 
sorbing surface. Since the concentration of the test 
solution falls at a rate proportional to the rapidity of 
absorption, such maximal application demands that a 
shorter loop be used for studying the more rapidly ab- 
sorbed substances. The absorptive period, furthermore, 
should have a sharp starting-point, and also some means 
should be provided for terminating the procedure abruptly 
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at a fixed time and for withdrawing at that time all of 
the substance remaining within the test area. 

TECHNIC AND CHEMICAL METHODS 

The principle involved is the maintenance of a con- 
tinuous perfusion from above downward of a physiologi- 
cally acceptable solution through the lumen of a selected 
segment of small intestine, the functions of which are not 
disturbed by the procedure itself. Any portion of the 
bowel may\ be tested, but in our experiments the solution 
was introduced through one lumen of a double-lumened 
tube into the mid-duodenum (Figure 1, A'). Its rate of 
flow was 10 cc. per minute, which conforms to observa- 
tions made in this clinic on the rate of gastric emptying. 
A concentration was chosen that would not produce intes- 
tinal irritation and yet would approach the normal absorp- 
tive capacity. From a point either 45 or 90 cm. down- 
kream (Figure 1, B') the gut contents were withdrawn 



Fig. 1. Diagram to Illustrate the Technic 
Employed 


through a suitable prolongation of the other lumen of the 
double-lumened tube by continuous suction as fast as they 
accumulated. Since the withdrawal capacity of the ap- 
paratus was 175 cc. per minute, greatly in excess of the 
possible rate of accumulation, a balloon at the distal end 
of the tube (Figure 1, C) assisted in diverting the flow 
but did not constitute an obstruction in the sense of pro- 
ducing a pooling of intestinal contents. 

The apparatus consists of a 90 cm. double-lumened 
rubber tube, size 16 F, which has suitable fittings at the 
upper end for connecting the larger lumen B to a col- 
lecting flask and the smaller lumen A to a graduated 
Mariotte bottle. The lower end of the larger lumen is 
attached to either a 55 or a 100 cm. single lumen duo- 
denal tube, size 12 F, which has multiple suction holes in 
the distal 10 cm. A rubber balloon C is tied to the end 
of the single tube but does not communicate with its 
lumen. The inflation of this balloon is controlled by a 
separate 1.5 mm. rubber tube which lies beside the larger 
tubing but communicates only with the balloon C. The 
intubation is performed in such fashion as to bring the 
distal end of the double lumened tube within the trans- 
verse portion of the duodenum. Thus a solution flowing 
through lumen A enters the mid-duodenum at A' while 
suction applied to lumen B constantly empties the intes- 
tine of its contents as fast as they arrive, either 45 or 
90 cm. lower down at B'. 

An experiment began with a flow of the solution into 
the duodenum (A') and the simultaneous withdrawal of 
whatever material was present at the distal end of the 
test area (B'). An interval of several minutes inter- 
vened before the return flow began. The experiment was 
abruptly terminated at the end of one hour by a cessation 
of the perfusion and the immediate introduction of 30 cc. 
of a 30 per cent solution of magnesium sulfate into the 
upper end of the test area (A'). This cathartic served 
to wash down all the contents and itself appeared in the 
collecting bottle in from 1 to 4 minutes, as indicated by 
the presence of carbon particles that had been injected 
with it. Tap water at a rate of 10 cc. per minute for 
one-half hour was then instilled at A', immediately fol- 
lowing the magnesium sulfate injection, and the resulting 
flow of fluid aspirated at B' was collected in 10-minute 
fractions. The results obtained by the use of the 90 cm. 
technic in measuring absorption from a 10 per cent glu- 
cose solution over a period of 90 minutes are given as a 
working illustration in Table I. The presence of only a 
trace of glucose in the second 10-minute wash after the 
magnesium sulfate injection reveals the completeness with 
which the unabsorbed material may be removed. 

For the determination of ascorbic acid in the blood, 
oxalated specimens were mixed, centrifuged, and samples 
withdrawn for analysis within a half hour after collec- 
tion. The amount in the plasma was determined by the 
titration procedure of Farmer and Abt (8, 9) and by the 
photometric method of Mindlin and Butler (10). For the 
ascorbic acid content of the urine and intestinal speci- 
mens, samples were collected in flasks containing 10 cc. 
of glacial acetic acid and then refrigerated until the 
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TAriLi; I 

The ejnciency of the method as applied to the absorption of a 
10 per cent solution of glucose from a 90 cm. segment 
of duodenum and jejunum 


Time 

Instilled at A' 

WithdrawTi at B' 

Volume 

GIuco*c 

Volume 

Glucore 

ninuUS 

a. 


grams 

re. 

crams 

0-30 

300 


30 

265 

13.8 

30-60 

300 


30 

310 

16.7 

60-90 

300 


30 

320 

19.8 

90-93 

30 

■ 





(30 per cent MgSO<) 


0 

225 

7.0 

93-103 

100 





103-113 

100 


0 

60 

trace 

113-123 

100 


0 

87 

0.0 

125-127 during removal of tube * 

38 

trace 


Total gms. glucose injected 90.00 
Total gms. glucose recovered 57,35 
Total gms. glucose absorbed 32.65 


* Represents results of continuous aspiration while with- 
drawing tube after completion of e.\-pcriment. 

experiment was completed. Then the volume was meas- 
ured and suitable aliquots were removed cither for the 
titration procedure or for dilution with 5 per cent acetic 
acid for the photometric method. 

RESULTS WITH ASCORBIC ACID 

The absorption of ascorbic acid in one hour 
from a 600 cc. solution containing 600 mgm. of 
this vitamin was determined by this technic in 19 
experiments on 4 normal human adult subjects. 
To evaluate the effect of the previous ingestion of 
ascorbic acid on its absorption, experiments were 
performed on fasting individuals previously “sat- 
urated” by the daily intake, in addition to a regular 
diet, of 500 mgm. of ascorbic acid for one week 
as well as on “unsaturated” individuals. In 13 
experiments, the absorption was measured for a 
segment extending 90 cm, beyond the instillation 
point in the duodemun. In the remaining experi- 
ments, the test segment extended only 45 cm. be- 
yond the point of instillation. Because a water 
solution of ascorbic acid in this concentration may 
be sufficiently hypotonic to be irritating, as shown 
in dogs by Dennis (11), physiological saline was 
in some instances used as a solvent. 

In Table II are given the results of 5 groups of 
experiments performed under the various condi- 
tions just stated. The amount of ascorbic acid 
absorbed by “saturated” and “unsaturated” sub- 
jects was approximately the same when either a 


TABLE II 


The absorption of ascorbic acid from the duodenum and upper 
jejunum in the normal human adult as determined 
by the described technic 







Ascorbic add 



Afcorbic 

Length 
of per- 
fused 
segment 


absorbed in 

Sub- 

ject 

Status of 
ascorbic acid 

acid in 
fastinu 

Nature of 
solution 

1 hour 

nutrition 

blood 

plasma 

Total 

Per 
sq. tn. 








mgm. 
per c£nt 

cm. 

COO mgm. 
in COO cc. 

mgm. 

mgm. 

Br 

unsaturated 


90 

watery 

261 

161 

Hn 

unsaturated 


90 

watery 

369 

187 

Hn 

unsaturated 

0.9 

90 

watery 

330 

167 

Cs 

unsaturated 


90 

watery 

374 

174 

Br 

saturated 

1.7 

90 

watery 

349 

215 

Br 

saturated 

1.3 

90 

watery 

325 

201 

Cs 

saturated 

2.0 

90 

watery 

280 

132 


saturated 

1.3 

90 

watery 

252 

119 

Br 

saturated 

1.0 

90 

saline 

354 

219 

Br 

saturated 

1.3 

90 

saline 

232 

143 

Hn 

saturated 

1.6 

90 

saline 

253 

128 

Cs 

saturated 

1.6 

90 

saline 

253 

119 

Bt 

saturated 

1.4 

90 

saline 

188 

132 

Br 

unsaturated 

0.4 

45 

saline 

292 

179 

Hn 

unsaturated 

0.9 

45 

saline 

290 

147 

Bt 

unsaturated 

0.7 

45 

saline 

197 

139 

Br 

saturated 

1.2 

45 

saline 

283 

175 

Hn 

saturated 

I.l 

45 

saline 

308 

156 

Bt 

saturated 

1.1 

45 

saline 

366 

258 


watery or a saline solution was used. Likewise 
the tonicity of the test solution did not alter the 
rate of absorption in the saturated individuals. 
Furthermore, the absorption of this vitamin from 
a segment terminated at 45 cm. beyond the point 
of instillation was of the same degree as that in a 
segment terminated at 90 cm. Although the ab- 
sorption of ascorbic acid varied over a wide range, 
i.e., 188 to 374 mgm., or 31 to 62 per cent of the 
total injected, every subject absorbed an amount 
in one hour far in excess of the optimal daily 
intake of 100 mgm. as determined by Ralli et al. 
(12). When calculated on the basis of surface 
area, the amounts absorbed varied over an equally 
wide range. 

DISCUSSION 

Our experience with this method emphasizes its 
inherent advantages. Direct duodenal instillation 
avoids the variability of gastric emptying and al- 
lows the gut to fill and empty from above down- 
ward. Absorption, therefore, takes place w'ithout 
the participation of abnormal peristalsis, such as is 
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The findings recorded in this report are con- 
cerned with the effect of chemotherapy on the 
occurrence of type specific pneumococcal antir 
bodies in patients suffering from pneumonia. The 
incidence of the development of demonstrable spe- 
cific immunity has been determined with samples 
of serum obtained at frequent interv'als from pa- 
tients with pneumonia, who were treated with 
either sulfapyridine or sulfathiazole. In addition 
to the quantitative aspects of the immunological 
information derived from the observ'ations, the 
serological results have also formed the basis for 
an analysis of the significance of the presence or 
absence of measurable specific antibodies, in rela- 
tion to the outcome of the infection in patients 
treated with either one drug or the other. 

The patients available for the immunological 
study presented varied clinical courses and suf- 
fered from pneumonia of varying degrees of 
severity. Approximately one-third of the group 
had bacteremia. Although the majority of them 
recovered promptly from the infection, some had 
complicating febrile episodes, with and without 
bacteremia, and still others died. By correlating 
the different kinds of clinical courses with the 
results of the serological tests for specific anti- 
bodies, the attempt has been made to reconstruct 
the course of the disease on the basis of the im- 
munological findings. In elaborating the second 
phase of the problem, the study has also included 
clinical and postmortem findings of other patients 
with pneumonia who were not used for sero- 
logical study, but who were serviceable in the 
assay of factors that appeared either to promote 
or retard recovery, or were associated with fatal 
termination. 

^ This study was supported by a grant donated by Mr. 
Bernard Baruch. 

^ Part of the results contained in this article was pre- 
sented at the annual meeting of the_ Association of 
American Physicians, Atlantic City, N. J., May, 1941. 


Although most of the patients were treated with 
drugs alone, in a few instances, which will be 
subsequently noted, therapeutic antipneumococcal 
serum was also administered. 

Wood and Long (l).made observations on the devel- 
opment of type specific antibodies in 12 patients with 
pneumonia who were treated with sulfapyridine. The 
antibody response was found to be similar to that of 
untreated cases of pneumonia. Finland, Spring and 
Lowell (2) made serological studies on more than 100 
pneumonic patients treated with drugs and concluded that 
the antibody response was comparable to that resulting 
from spontaneous recovery. They found that protective 
antibodies rarely developed before the sixth day of dis- 
ease. Kneeland and ilulliken (3, 4) have reported the 
results which they obtained with tj’pe specific precipitin 
reactions performed with specimens of serum from pa- 
tients with pneumonia. Kneeland and Mulliken obtained 
specific precipitin reactions in only 4 cases out of 19 
treated with sulfapyridine, whereas, again using the pre- 
cipitin reaction, they found positive reactions in 16 of 21 
patients who had been treated with sulfathiazole. 

In experimental studies, Whitby (5), and McIntosh 
and Whitby (6) observed that mice cured of pneumo- 
coccus infections with sulfapyridine, subsequently ex- 
hibited active specific immunity against the type of or- 
ganism used in the therapeutic tests. The latter authors 
concluded that sulfapyridine in no way altered the devel- 
opment of an immune response. MacLeod (7) described 
results which emphasized the close parallelism between 
the dosage of pneumococci amenable to the curative action 
of sulfapyridine and the dosage of heat killed organisms 
which induced active immunity. He further demonstrated 
that when sulfapyridine and antipneumococcus serum were 
employed simultaneously, recovery of mice could be ob- 
tained with combined doses in amounts that individually 
were ineffective. 

Plummer, Liebmann, Solomon, Kammerer, Kalkstein, 
and Ensworth (8) have reported the results obtained 
from the comparative treatment of 607 patients with 
pneumonia. The difference in the fatalitj- rate between 
the patients receiving drug plus serum as compared with 
those receiving drug alone was negligible. Dowling, 
Abemethy, and Hartman (9) have advocated the use of 
combined treatment in patients past 40 years of age, 
Bullowa, Osgood, Bukantz, and Brownlee (10) obtained 
a lower death rate with sulfapyridine alone than with any 
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other method. Bukantz, Bullowa, and deGara (11) sug- 
gested that determinations of pneumococcal polysaccharide 
in the blood of patients with pneumonia might serve as 
an indication for the use of serum. 

MATERIALS AND METHODS 

Patients. The cases of pneumonia were selected from 
those admitted to the Wards of the Third Medical Divi- 
sion of Bellevue Hospital during the fall, winter, and 
spring of 1939-40 and of 1940-41. Serological tests were 
limited to infections due to pneumococcus Types I, II, 
III, V, VII, and VIII. 

Serum. Repeated bleedings, usually every 2 to 3 days, 
were obtained from the patients during their stay in the 
hospital. The first sample was taken before treatment 
was begun. Serum, separated in the usual manner with 
sterile precautions, was regularly, employed. 

Cultures. Stock cultures of the appropriate pneumo- 
coccal types were maintained at maximum degrees of 
virulence for mice. Culture dilution of 10"’ was regularly 
fatal. Sixteen to 18 hour blood-broth cultures were used 
for injection. 

Tests. Passive protection of mice. Two-tenths cc. of 
serum diluted to 0.5 cc., by adding 0.3 cc. of physiological 
salt solution, was regularly employed for injection. Ten- 
fold serial dilutions of the broth cultures of type specific 
pneumococci were made in sterile broth, so that O.S cc. 
of each dilution equaled 0.1 cc. to 0.000001 cc. of original 
cultures. The 0.5 cc. of diluted serum and the 0.5 cc. of 
dilutions of culture were drawn into the same syringe 
and injected intraperitoneally into mice. Mice receiving 
only cultures in dilutions of lO'” and lO"" were used as 
virulence controls in each experiment. Routinely, the 
protective power of sera was tested against 4 dilutions of 
culture ranging from lO'^ to lO"^. In some instances, 
when mice survived 10'“, the titration was carried to 10'^. 
All mice were observed for 7 days. 

In order to exclude the remote possibility that the 
sulfapyridine or sulfathiazole contained in samples of 
serum obtained during the period of chemotherapy ac- 
counted for the protection of mice, many specimens of 
sera were tested for curative effect against pneumococci 
heterologous in type to that infecting the patient. In no 
instance did heterologous protection occur. 

Agglutination. Although tests for the presence of type 
specific agglutinins were not made with all samples of 
sera, a sufficient number of titrations were performed 
to indicate the results in comparison with the protection 
tests. FiAe-tenths cc. of broth culture plus 0.5 cc. of 
undiluted sWum constituted a final serum dilution of 1 
to 2. Otherl serum dilutions of 1 to 5, 1 to 10, 1 to 20, 
and 1 to 40\\vere also employed. Final readings were 
made macrosciipically after the tubes had been incubated 
in the water blath at 37.5° C. for 2 hours and allowed 
to stand in the \ icebox overnight. Type specific aggluti- 
nation was deerri led to be present only when a disc or 
coarse granulatio\ n, characteristic of Utg specific pneu- 
mococcal antigen-a mtibody reactions, developed. 


Two hundred and seventy-five patients have 
been treated during the 2 year period of study. 
Twenty-five have died (9,0 per cent). Six addi- 
tional patients, admitted in a moribund state, died 
within 6 to 20 hours of admission. Cases with 
pneumonitis which clearly terminated some other 
fatal disease have not been included. Cases of 
acute lower respiratory infection, which were usu- 
ally mild and of undetermined etiology, have also 
been excluded. 

Ninety-four patients were used in the serologi- 
cal studies. Thirty-one had bacteremia. Fourteen 
were considered to have protracted febrile illnesses 
of clinical significance. Ten of the patients died. 

The results of the serolpgical tests are sum- 
marized in Table I. The presentation of data is 
so arranged that results referable to the frequency 
of development of type specific antibodies, and to 
the approximate time in the course of the disease 
at which they became demonstrable, are indicated 
in two separate columns under “Type specific 
antibodies.” Additional columns of tabulation in- 
dicate the time of the first positive test in relation 
to the duration of chemotherapy. The latter ar- 
rangement has been made in order to estimate the 
significance of demonstrable excess antibodies with 
respect to the outcome of the infection. The 
bearing of these findings on problems relating to 
clinical events and the immunological states of 
the patients will be subsequently discussed. 

Frequency of development of type specific anti- 
bodies. From the data in Table I, it may be seen 
that 65 (69 per cent) of the 94 patients developed 
specific antibodies, the excess of which was suffi- 
ciently great to confer passive protection on mice. 
Among the 84 patients who recovered, 59 (70 per 
cent) possessed demonstrable serological immun- 
ity; among 10 patients who died, 6 (60 per cent) 
gave positive tests. 

Separating the cases of Type III pneumococcus 
infection, there were, among the other types, 58 
(80 per cent) instances of the appearance of anti- 
bodies among 72 cases. Of the cases of Type HI 
pneumococcus pneumonia, only 8 (36 per cent) 
out of 22 produced effective passive protection. 
Serological studies in Type III pneumococcus* 
pneumonia, as well as experimental observations, 
have uniformly indicated the poor specific anti- 
genicity of Type III pneumococci. The findings 
in patients receiving chemotherapy are in accord 
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witli the otiicr studies concerning the formation 
of antibodies evoked b}’ Tj-pe III pneumococci. 

It may also be noted from Table I that among 
die 31 bacteremic patients, 16 (51 per cent) pos- 
sessed demonstrable excess antibodies, whereas of 
the 63 non-bactercmic patients, 49 (77 per cent) 


were found to develop measurable type specific 
immunity. Whether or not the greater amount of 
antigen present in association with the bacteremia 
combined with antibody so that the excess was 
reduced to an unmeasurable minimum, or Avhether 
the antibody production was less under the condi- 


TABLE I 

Occurrence of type specific ar.libodies in palienls veith pneumonia treated with sulfapyridine or sulfathiazole 


PnrJino- 

coccus 

Number of ca«cs 

Bacteremia 

Type specific antibodies 

Appearance of antibodies in relation to 
duration of therapy 

Rccox-crcd 

Died 

+ 

- 

Passive 

protection 

4* 

Day of disease 
Isl positive 
test 

Before 

To 3rd 
hospital 
day J 

"Late” 

None 

I 

21 


5 


3 

6th to 12th 

av.: 9th 


1 

2 

2 


16 

15 

2 

5 

8 

1 


0 



! 












II 

28 

■ 

11 


4 1 

1 

5th to 13th 

av.: 8th 

1 


3 

7 

1 

17 

15 

3 

4 

8 

2 


■ 

3 

1 

i 

0 




3* 


0 






III 

18 


2 


0 

10th to 12th 

7th: 1 case 






1 

4 


16 

6 


2 

4 

10 

1 


1 

ft 





3 

2 



2 

1 

V 

5 

! 

2 


2 

7th to 10th 

av.: 8th 


! 

2 



3 

3 






0 




1 

2 










VII 

9 


3 


3 

5th to 9th 

15th: 1 case 


1 

2 



6 

6 

5 

1 




3 

2 

1 

1 

2 


1 




1 

1 





VIII 

3 


2 

1 

1 

13th 

l^s 


1 

1 


1 

I 

1 

1 




0 


1 







i 

1 






Total 

84 

10 

31 

63 1 

1 

65 

i 

15 

18 

32 

29 


* Patiente died in less than 24 hours after admission. 

T Italics indicate fatal cases. 

. .1 Includes cases in which 1st test was negative, but passive protection obtained on 2nd or 3rd hospital day. “Late’ ’ 

sigmfies the presence of passive protective power ^ter the 3rd hospital day. 
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tions o£ excess antigen, has not been determined. 
The difference in the frequency of excess anti- 
bodies between the bacteremic and non-bacteremic 
group appears to be definite. 

Approximate time of appearance of antibodies. 
In view of the fact that samples of blood were 
taken every 2 to 3 days instead of daily, the re- 
sults listed in Table I under “Day of disease of 
1st positive test” represent the approximate time 
at which the immune response was first demon- 
strable. From averaging all of the data, the pro- 
tective power of the sera was found to appear in 
the majority of instances on about the 7th to 10th 
day. In a few cases, positive tests were not ap- 
parent until the 12th to 13th day. An exception 
to the general results may be noted in the cases 
of Type III pneumococcus infection, and also in 
2 of the 3 cases of pneumococcus Type VIII 
pneumonia, in which the development of sufficient 
antibody to afford passive protection to mice was 
regularly delayed until the 10th to 13th day. 

Titre of specific antibodies. Each sample of 
serum was regularly tested in mice against 10"® 
dilution of culture which corresponded to 10,000 
minimal lethal doses of a virulent strain of the 
homologous type. With sera obtained from cases 
of infection due to Types I, II, V, and VII pneu- 
mococci, the titre of specific immunity was suffi- 
ciently high in the greatest number of instances 
to afford protection against the greatest dose used 
in the routine tests. Tests with greater amounts 
of culture were not done frequently enough to 
determine the maximum amount of protective 
antibodies which were present. However, the 
constancy of the results has indicated that the 
quantitative production of antibodies by patients 
was not significantly impaired by chemotherapy. 
In the patients with Type III pneumococcus pneu- 
monia, as well as in the 3 patients with Type 
VIII pneumococcus pneumonia, the protective 
power of sera did not exceed 10"^ dilution of 
culture. 

Type specific agglutination. Type specific ag- 
glutinins were found to be present in 44 (59 per 
cent) of the 74 sera that were tested. In a num- 
ber of specimens, the protective power of serum 
was demonstrable but agglutination did not occur. 
The apparent difference in the results obtained 
with the 2 tests is dependent upon the fact that 
the passive protec.tion of mice is a more delicate 


method of determining the presence of type spe- 
cific antipneumococcal antibodies than is the ag- 
glutination reaction. Consequently the presence 
of protective capacity in the absence of agglutina- 
tion is an expected finding which is dependent 
upon the quantity of specific immune principles 
in the samples of sera. 

Time of appearance of demonstrable antibodies 
during the course of chemotherapy. The data in 
the columns under the heading “Appearance of 
antibodies in relation to duration of therapy” are 
arranged for the purpose of analyzing the inci- 
dence of demonstrable type specific immunity in 
relation to the outcome of drug treatment. From 
the results recorded under the heading “Before,” 
it may be noted that in 15 patients, the samples of 
serum obtained on the day of admission — before 
treatment was begun — contained specific protec- 
tive antibodies. In 18 additional patients, specific 
antibodies had become demonstrable by the 3rd 
day after admission. This group has been sepa-. 
rated because of the fact that the first 3 days most 
often constitute the “crucial” period of therapy. 
During this period, essential recovery or marked 
improvement may occur; a continued illness may 
persist; or the patient may become progressively 
worse. In analyzing the factors .that influence 
the outcome of the infection, therefore, it is a 
matter of particular interest to evaluate the im- 
munological status of the patients during the early 
phase of treatment. Combining the cases in 
which specific antibodies were present before 
treatment was instituted with the cases in which 
protective power became evident by the 3rd day 
of hospitalization, it may be noted that in 33 in- 
stances excess antibodies were present in the 
early phase of chemotherapy. 

Under the column headed “Late,” in Table I, 
there is a list of 32 cases in which measurable 
amounts of free circulating specific antibodies did 
not appear until after the 3rd hospital day. In 
some instances, chemotherapy was being con- 
tinued when the protective action of the serum 
became positive, and, in other instances, sulfonam- 
ide treatment had ceased before specific immunity 
was demonstrable. Since, however, the extent of 
therapy was determined solely on the basis of the 
clinical condition of the patient, the serological 
findings did not influence the duration of sulfo- 
namide administration. Consequently, in tins 



ANTIPNEUMOCOCCAL IMMUNITY AND CnEMOTIIERAPY OF PNEUMONIA 


515 


group, a relationship of the time of appearance 
of positive immunological findings to the response 
to chemotherapy was not clearly defined. 

In the last column of Table I, there are listed 
29 patients in whose sera type specific antibodies 
were not demonstrable at an}' time during the 
course of the illness. In connection with the im- 
plied immunological diflerence between the pa- 
tients with and without demonstrable antibodies, 
it is important to re-emphasize the fact that the 
failure of a sample of serum from a patient to 
protect mice b}’ passive immunization may not be 
final proof of the total absence of specific anti- 
bodies. It has been demonstrated experimentally 
that effective active immunity may be developed, 
even though tlie serum of the animal does not af- 
ford protection to other animals. Ginsequently 
tlie difference between the patients with protective 
antibodies and those without them may be quanti- 
tative rather than entirely qualitative. 

In summarizing the findings that deal w'ith the 
time of appearance of antibodies in relation to 
period of drug treatment, the results demonstrate 
that in 33 of the cases (35 per cent), specific im- 
munity was present during the first 3 days of 
treatment, either at the time of admission of the 
patieht (15 instances) or within the early period 
of hospitalization (18 instances). In 32 patients 
(34 per cent), excess antibodies became demon- 
strable at varydng periods later than the 3rd day 
of hospitalization. In 29 patients (31 per cent), 
the various samples of sera, which were tested, 
failed in all instances to confer passive protection. 

The fact that the cases which developed free 
circulating antibodies are scattered essentially 
evenly among the 3 groups of patients indicates 
the absence of definite correlation between the 
period of administration of sulfonamide drugs and 
the functioning of the mechanism of antibody 
production. 

Although the selection of cases included in this 
study was not determined by the type of drug 
(sulfapyridine or sufathiazole) used for treatment, 
an analysis of the 2 groups reveals the fact that 
62 of the patients received sulfapyridine and 29 
received sulfathiazole. The patients dying in less 
than 24 hours after admission are omitted. The 
results obtained following the 2 different medica- 
tions are recorded in Table II according to pneu- 
mococcus types causing infection and the incidence 


of immune response as demonstrated by the pro- 
tective capacity of sera for mice. 


TABLE II 


Pneumo- 

coccus 

types 

Num- 
ber of 
cases 

Sulfapyridine 

Num- 
ber of 
cases 

Sulfathiazole 



Specific antibodies (Passive protection) 



Present 

Absent 


Present 

Absent 

I 

16 

12 

4 

s 

s 

0 

11 

16 

12 

4 

12 

8 

4 

III 

13 

6 

7 

9 

3 

6 

V 

4 

4 

0 

1 

1 

0 

VII 

10 

10 

0 

2 

2 

0 

VIII 

3 

2 

1 

0 

0 

0 

Total 

62 

46 

16 

29 

19 

10 


From the tabulated data it is seen that of the 
62 patients treated with sulfapyridine, 46 (74 per 
cent) developed demonstrable type specific anti- 
bodies, and that the sera from 19 (65 per cent) of 
the 29 patients receiving sulfathiazole afforded 
similar protection. In view of the relatively small 
number of patients included in each group, the 
difference, in the results does not seem significant. 

In considering the clinical courses of the pa- 
tients who were used for serological observations, 
recovery was uneventful in 70. Fifty-five (75 per 
cent) developed type specific antibodies; in 15, 
none were detected. The nature of the recovery 
just mentioned indicates that there was no ap- 
parent difference in the progress of the patients 
possessing demonstrable antibodies and the others; 

Of the 14 patients whose recovery was signifi- 
cantly delayed because of protracted febrile ill- 
ness, in 5, type specific antibodies were demon- 
strable early after hospitalization, in 5 others, they 
appeared during the late period, and in 4, none 
were evident up to the time of discharge from the 
hospital. The majority of the patients who pur- 
sued stormy courses were among those with bac- 
teremia. As stated earlier in the report, 16 (51 
per cent) of the 31 patients with bacteremia de- 
veloped measurable amounts of specific immunity. 
When the clinical records of the 16 with antibodies 
and the 15 without were compared, no clear-cut 
differentiation could be made. There were cer- 
tain clinical impressions that in the bacteremic pa- 
tients without demonstrable antibodies, recovery 
may in some instances have been retarded or 
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resolution may have been delayed to a greater de- 
gree than in bacteremic patients who developed 
specific antibodies. However, in view of the 
variables in the factors of pneumonia which may 
be referable, on the one hand, to intensity of in- 
fection or the nature of the complications, such 
as empyema or sterile pleural effusion, or, on the 
other, may depend upon the general physical 
status of the hosts of the infection, it has not been 
possible, among the bacteremic patients, to ac- 
count for differences in clinical behaviour by an 
analysis of objective data obtained by the sero- 
logical methods used in the present study. 

Individual charts are presented which illustrate 
different types of courses in_ relation to the im- 
munological finding. 

Figure 1 is that of a patient who had, on ad- 
mission, primary pneumonia and bacteremia due 


to pneumococcus Type I. He came to the hos- 
pital on the 2nd day of the disease. Because of 
clinical evidence of rapid improvement, drug 
therapy was deliberately stopped, after 13 grams 
had been given in 30 hours, in order to observe 
the course in an early case receiving limited ther- 
apy. The subsequent rise in fever seemed to 
represent a relapse of pneumonia, although bac- 
teremia did not return. Permanent cure, follow- 
ing the re-administration of sulfapyridine, ap- 
peared to coincide with the appearance of excess 
antibodies. 

Figure 2 is that of a patient who had, on admis- 
sion, primary pneumonia and bacteremia due to 
pneumococcus Type 11. His progress following 
chemotherapy was one of continued daily im- 
provement leading to uneventful recovery. No 
excess antibodies were found in any of the speci- 
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Fig. 2 


mens of serum. The possible interpretations of 
the negative serological findings will be subse- 
quently considered. 

Figure 3 is that of a patient having pneumonia 
and bacteremia (pneumococcus Type VII), who 
had a protracted febrile illness which seemed 
clinically to be dependent, to a large degree, upon 
a recrudescence of active pneumonia and pleurisy, 
without empyema. It is unnecessary'^ to detail the 
clinical findings save to indicate the fact that type 
specific antibodies were present before the sec- 
ondary febrile episode began. 

The chart of the 1st of the 3 bacteremic cases 
illustrates the clinical course in relation to the 
immunological mechanism that was frequently en- 
countered. It seems likely that the febrile relapse 
could have been prevented either by continuing 
drug therapy longer or by introducing specific 


antibodies at the beginning of therapy. However, 
in other patients the clinical-immunological course 
of events did not follow the same orderly proce- 
dure. The selected charts of the 2 other indi- 
vidual cases illustrate on the one hand, instances 
of progressive recovery following drug therapy 
without the mediation of demonstrable excess anti- 
bodies, and on the other hand, they exemplify 
conditions under which the presence of type spe- 
cific antibodies did not in itself prevent certain 
febrile episodes that were interpreted clinically as 
being active pneumonic infection. 

Fatal cases of pneumoma. The presentation of 
material has been arranged in order to particu- 
larize and to emphasize certain findings that were 
characteristically associated with death from 
pneumonia. 

Age. Of the 31 fatal cases, including 6 which 
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Fig. 3 


were moribund on admission, the ages according 
to decades of life were: 1 between 20 and 30, 2 
between 30 and 40, 3 between 40 and 50, 11 be- 
tween 50 and 60, 10 between 60 and 70, 4 be- 
tween 70 and 80. Eighty-four per cent were past 
50 years of age. 

Serological types of infecting pnenniococci. 
The distribution of pneumococcal types was as 
follows; Type I, 2 cases; Type II, 8 cases; Type 
III, 8 cases; Type V, 2 cases; Type VII, 4 cases; 
Type XIV, 2 cases; and Types VI, XI, XII, XV, 
and XXV, 1 case each. 

Bacteremia. In 21 of the 31 patients, pneumo- 
cocci were recovered from the blood stream on the 
initial attempt ; in 8, the first culture was sterile , 
in 2, no cultures ^vere made. Seventy-two per 
cent had positive cultures on admission. 

In 19 of the groVp, one or more subsequent 
cultures were taken. \ In 15, the bacteremia disap- 
peared. Each of the 4 patients from whom subse- 


quent cultures were persistently positive ha 
endocarditis.® 

Of the 12 cases in which a 2nd culture Wc 
not taken, 6 died on the 1st hospital day (all pos 
tive), and the remaining 4 died before the 4th da 
(3 positive, 1 negative) ; in 2, no cultures wer 
taken at any time. 

In addition to the statistical data just given, th 
fatal cases have been further analyzed in an a1 
tempt to identify significant factors that were assc 
ciated with an unfavorable course. For this put 

s During the current winter, 2 patients with lobar pnct 
monia have been encountered in whom bacteremia pei 
sisted for as long as 6 days in spite of adequate chemc 
therapy. The administration of specific anti-pneumococ 
cal serum therapy was followed in each instance by rapi 
improvement and prompt sterilization of the blood strcan 
One of the patients had Type I, and the other Type VH 
pneumococcus pneumonia. Studies of the possible 
sistance of the strains to the effect of sulfonamides ar 
now being made. 
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pose information derived from clinical and patho- 
logical sources has been correlated with bacterio- 
logical and immunological findings. Utilizing the 
cases concerning which the findings are complete, 
a majority may be divided into special groups, de- 
pending upon the conditions that appeared to be 
of special importance in association with unsucces- 
ful treatment. 

1. The severity of pneumonia at the time of 
hospitalization. 

2. The presence of metastatic localized infec- 
tions such as meningitis, endocarditis or peri- 
carditis. 

3. The coexistence of other diseases unrelated 
to pneumonia which were temporaril}' over- 
shadowed by the manifestations of active infection. 

1. Severity of primary pueumoiiia. On the 
basis of duration of life, 6 patients were admitted 
in a moribund state and died within 24 hours of 
hospitalization, either before treatment was begun 
or shortly thereafter. Two had meningitis, and 1 
also had pericarditis, in addition to pneumonia. 

Bacteremia was present in each of the 6 pa- 
tients. 

Immunological results. A single sample of 
senrni was obtained from each of three of the pa- 
tients. No passive protection was demonstrable. 

The patients of this group comprised approxi- 
mately 20 per cent of the total deaths. 


TABLE in 


Case 

! 

Age 

' Pceu* 
mococ- 
cus 
type 

1 Blood cultures 

i 

Specific 

antibodies 

Days in 
hospital 

Ist 

2nd 

l.k. 

54 

HI 

+ 


Serum * (2) 

2 

J. D. 

56 

VII 


— 

-f- (2) 

3 

C. M. 

55 

III 

+ 

— 

+ (2) 

3 

R. K. 

68 

I 


— 

No test 

i 

2 


* Numerals in parentheses indicate hospital day on which 
serum was taken with which positive protection tests were 
obtained. 


A 2nd group of patients falling within this same 
category of severe primary pneumonia consisted 
of patients who lived until the 3rd hospital day, 
but in spite of therapeutic measures failed to sur- 
vive. Selected data of bacteriological and immu- 
nological interest for 4 of the patients are given in 
Table III. 


The course in this group of patients was char- 
acterized by a change of blood cultures from posi- 
tive to negative and the appearance of type spe- 
cific antibodies within a short period of time. In 
spite of the change in the bacteriological immuno- 
logical balance folloiring chemotherap 3 % the pa- 
tients failed to sur\nve. It seems not unlikely 
that although the extent of the infection, as e\n- 
denced bj' the blood culture, was decreasing dur- 
ing treatment, the initial severity was probably 
so advanced tliat even the loss of bacteremia and 
the acquisition of free circulating antibodies were 
ineffective in reversing the fatal course. 

Six additional patients lived from 4 to 12 days. 
On clinical grounds, the diagnosis was limited to 
pneumonia. Their ages ranged from 50 to 74 
years. 

Bacteremia. In 4, blood cultures were negative 
throughout the period of hospitalization. In 2, 
the initial blood culture was positive but subse- 
quent ones were sterile. 

No serological tests were performed. No au- 
topsies were obtained. 

2. Metastatic pneumococcal complications. 
Meningitis, pericarditis, and endocarditis, singly 
or in combinations, were present in 10 (32 per 
cent) of the fatalities. Two died within 24 hours 
of admission. The remaining 8 survi%^ed 3 days 
or longer, and received intensive therapy. 

Five cases had meningitis. Both drug and 
serum were administered to 2 of the 3 who lived 
long enough to receive continued treatment. 

Three cases had pericarditis. One lived less 
than 1 day and another died on the 2nd day after 
admission. The 3rd patient, who lived 4 days, 
also had meningitis. 

Four cases of endocarditis, which were proven 
by autopsy, and 1 unverified case, were observed 
among the 275 patients of the present series. It 
is interesting to note that in subsequent blood cul- 
tures, of 4 of the patients with endocarditis, bac- 
teremia either returned after temporary absence 
or continued to be present for the 10 da 3 ’-s’ dura- 
tion of the illness. Although the occurrence of 
persistent or recurring pneumococcal bacteremia 
among the cases of pneumonia obseiwed during 
the 2 3 ’ear period of this stud 3 ’ was small, its asso- 
ciation with endocarditis has been suffidently 
striking to justif 3 ' clinical suspicion of endocardial 
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involvement when bacteremia is refractory to con- 
tinued treatment (see footnote number 3). No 
evidence has accrued which makes the present 
finding particularly unusual, even though endo- 
carditis was proven in 1.4 per cent of the current 
series. It seems not unlikely that with the marked 
reduction in the total death rate due to pneu- 
monia, the relative increase in pneumococcal endo- 
carditis, which still remains uniformly fatal, ac- 
counts for the statistical difference. Of the 5 pa- 
tients with endocarditis, 2 received serum. The 
course of the disease in the 5 patients was not 
different from that previously observed before the 
advent of chemotherapy . 

Bacteremia was present in each of the 10 
patients. 

Immunological results. Of the cases with 
complications, no protective antibodies were dem- 
onstrated in single samples of serum from 3. In 
4 others, 3 of which received serum therapy, free 
circulating antibodies were present in at least 1 
test. In 3, no samples of serum were obtained. 

3. Coexistence of other diseases unrelated to 
pneumonia. Seven patients, 22 per cent of the 
fatalities in the current study, comprised this 
group. Their illness was characterized by the 
fact that although lobar pneumonia was the most 
conspicuous part of the clinical diagnosis on ad- 
mission, subsequent events, including findings at 
autopsy, proved that other diseases were of special 
importance in accounting for the fatal outcome. 
The patients of this group lived 5 days or longer. 
Cases in which pneumonitis was manifestly the 
terminal event in some other disease of maximum 
severity such as cerebral paralysis or uremia, have 
been excluded. 

It is unnecessary to detail the individual clinical 
courses. Two of the patients had sudden ter- 
minal cardiac episodes during convalescence ; in 2 
senile female patients, gangrenous cystitis was 
found at autopsy ; 1 patient with extensive anthra- 
silicosis of 5 lobes had a normal temperature for 
the last 6 days of life ; 1 patient had an acute lead 
intoxication demonstrated at autopsy; 1 patient 
had an obscure and intractable encephalopathy. 
In each of the above instances, at autopsy, the 
pneumonia was resolving. 

Bacteremia. Three of the patients had bac- 
teremia on admission which disappeared within 


48 hours after beginning chemotherapy. In the 
remaining 4, all blood cultures were sterile. 

Immunological results. In 5 of the patients, 
repeated serological tests were performed, and in 
each instance, protection of mice was obtained 
with samples of serum obtained within the first 
few days after instituting chemotherapy. 

In the foregoing analysis of the fatalities, by 
combining the cases that clearly belong in the 3 
groups, but including only the moribund cases of 
the severe primary pneumonia group, it may be 
observed that approximately 74 per cent of the 
31 deaths were identified according to special 
characteristics. In the selected groups, .the fact 
that specific antibodies, when present, did not 
make up the deficiencies of chemotherapy ap- 
peared to be referable to the status of the patients’ 
disease on admission. Of the remaining patients 
about whom information is not complete enough 
to warrant definite grouping, it is interesting to 
note the frequency with which bacteremia disap- 
peared following chemotherapy. 

DISCUSSION 

The results described in this report indicate that 
the administration of sulfonamide drugs (sulfa- 
pyridine or sulfathiazole) did not significantly 
affect either the antigenic integrity of the infecting 
pneumococci or the immunological responsiveness 
of patients suffering from pneumonia. 

With respect to the frequency of the develop- 
ment of demonstrable antibodies, the time of their 
appearance during the course of pneumonia, and 
approximate estimation of titre, the findings did 
not differ from the general experience derived 
from previous studies of untreated patients. 

However, in spite of the absence of a direct 
effect of sulfonamide drugs on measured antibody 
response, indirect effects of chemotherapy on spe- 
cific antipneumococcal processes were found to 
occur during the course of pneumonia and to be 
referable to quantitative alterations in antigen- 
antibody relationships. The studies contained in 
the present report serve as a basis for an analysis 
of some of the factors relating to the immuno- 
logical course. 

It has become a well established immunological 
principle that the antigen-antibody ratio in pneu- 
mococcus infections varies during the course of the 
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disease from excess antigen (pneumococci and of pneumococci. The use of chemotherapy, on 
soluble specific substance) and minimum antibody the other hand, is primarily successful by reducing 
at the onset, to excess antibody and progressive!}' the amount of antigen through the untoward effect 
decreasing antigen following recovery. Altera- of the drugs on the microorganisms. The decrease 
tions in the two factors and their bearing upon in antigen effected by tlie drugs brings about a 
the course of the disease are referable to changes relative increase in antibodies. It is also interest- 
in the extent of the infection during its progress ing to take into account the fact that specific anti- 
in relation to antibody production. Specific anti- bodies are used up in the process of combining 
pneumococcal scrum and the specifically acting with pneumococci, whereas experimental studies 
sulfonamide drugs both alter the quantitative have not up to the present time indicated that 
antigen-antibody relationships, but the result in sulfonamide drugs are operative through perma- 
each instance is obtained by different processes, nent combination with bacterial cells. Conse- 
Therapcutic antiserum operates through primarily quently, increments of the drugs that are not in- 
increasing the antibody content and secondarily activated or excreted may remain free for con- 
reducing the amount of antigen by opsonization tinuous action. 



Fig. 4. Theoeeticai. Antigex-Axtibody Relatioxships Dueixg Course of Pxeumoxia ix ax Untreated 

Patient and in 1 Receivixg Chemotherapy 
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The effect of sulfonamide treatment on the 
antigen-antibody balance in pneumonia is illus- 
trated graphically in Figure 4. 

The data obtained from the present study fre- 
quently conformed to the course outlined in Figure 
4. It appears not unlikely that this chemothera- 
peutic-immunological relationship occurs in the 
usual course of uncomplicated pneumonia pro- 
ceeding to uneventful convalescence. However, 
with respect to ultimate recovery or death, the 
presence or absence of demonstrable specific anti- 
bodies did not uniformly separate the 2 groups. 
Exceptions were noted among both the patients 
who were successfully treated and also among the 
group who died. There were, for example, 
among the patients who recovered, a number of 
instances (24 listed in Table I) in which anti- 
bodies were not demonstrated during convales- 
cence. Since, however, only free unbound anti- 
bodies are detectable by the methods employed, it 
is apparent that a negative serological reaction 
may be due to the fact that, (a) no antibodies 
have been developed following infection, or (b) 
all of the antibody was bound to antigen and, as 
a result, no excess was detectable. In the latter 
instance, the antibody production by the patient 
may have been highly effective in neutralizing 
antigen even though the serological tests were 
negative. In view of the limitations of the tests, 
it is not possible to conclude with certainty which 
of the interpretations is applicable to the findings 
in the recovered patients whose sera failed to 
confer passive protection. 

In a consideration of the fatal cases, it is ap- 
parent that the extensiveness of the pneumococcal 
infection at the time of admission was frequently 
of primary importance in determining the out- 
come, For example, 20 per cent of the deaths 
occurred within 24 hours of admission. There 
were among the fatalities also an appreciable num- 
ber who failed to recover even though specific 
antibodies were demonstrable in their serum. In 
correlating the clinical and pathological findings 
with the immunological results, significant factors 
associated with death were found to be of such a 
character that they were not decisively controlled 
by even the combined effect of chemotherapy and 
specific antibodies. Approximately 75 per cent 
of the deaths appeared to belong to the groups 
described in the body of this report. 


Additional factors that may mitigate against 
satisfactory chemotherapy, such as intolerance of 
drugs by patients, or infections caused by drug- 
fast strains, or inactivation of sulfonamide com- 
pounds by para aminobenzoic acid or similarly 
acting substances, have not been included in the 
present study. The importance of their bearing 
upon optimum therapy with special reference to 
the use of specific serum therapy is apparent. 
However, that diverse conditioning elements, not 
regularly controlled by specific antibodies, not 
infrequently account for the unsuccessful use of 
chemotherapy, has been indicated in the present 
study. 

SUMMARY 

1. Ninety-four patients have been used for sero- 
logical studies. Thirty-one had bacteremia. Sev- 
enty of the total number recovered from pneu- 
monia uneventfully. Fourteen additional patients 
who also recovered had protracted febrile illness 
of clinical significance. Ten of the patients died. ■ 

During the 2 year period 1939-1941, among 
275 patients with pneumonia, who, with a few 
exceptions, were treated with either sulfapyridine 
or sulfathiazole alone, 25 (9 per cent) died. 

2. Sixty-three (69 per cent) of the 94 patients 
developed specific antibodies as determined by 
the passive protection of mice. Fifty-nine (70 
per cent) of 84 patients who recovered possessed 
measurable specific immunity. Six (60 per cent) 
of 10 patients who died gave positive protection 
tests. 

Eight (36 per cent) of 22 patients with Type 
III pneumococcus pneumonia produced detectable 
immunity. Fifty-eight (80 per cent) of 72 pa 
tients with Types I, II, V, VII, and VIII pneu 
mococci gave positive serological tests. 

3. In relation to day of treatment, rather than 
day of disease, excess antibodies were present m 
15 instances before therapy was begun, in 18 m 
stances by the 3rd day of hospitalization, in 
instances after the 3rd day, and in 29 instances, 

all tests were negative. . 

4. A correlation between the clinical course o 
the disease and the immunological findings was 
made. Although the majority of the whole group 
of patients developed measurable amounts of spe 
cific immunity, the presence or absence of ^ 
monstrable antibodies did not, in some instance^, 
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dccisivcl}- separate the patients who satisfactorily 
responded to chemotherapy from others whose 
convalescence was delayed. 

5. The fatal cases were divided into groups 
according to the factors that were found to be of 
special importance in determining the outcome. 

6. The quantitative immunological relationships 
between infecting pneumococci and specific anti- 
bodies which occur during the course of pneu- 
monia treated Math sulfonamide drugs have been 
discussed. 
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NORMAL HUMAN BLOOD PLASMA ^ 
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The concept that blood plasma may contain a 
proteohlic enzyme system associated with blood 
coagulation is not new. Evidence has been ac- 
cumulating from investigations in unrelated fields 
which points to the existence of such a system, 
but precise experimental evidence is lacking. The 
literature on fibrinolysis, considered as a problem 
related to blood coagulation, has been reriewed 
b}' Nolf (1), Hougardy (2) and Tagnon (3). 
Nolf reported obser\’ations on the fibrinolj'tic 
properties of serum obtained by shaking recalci- 
fied plasma %rith chloroform. He considers the 
enzjme responsible for this phenomenon to be an 
important factor in blood coagulation. Barker 
(4) in 1908 reported that fibrin contained a pro- 
teol}’tic enzyme system and explained his observa- 
tions on the basis of entrapped mononuclear cells 
in the fibrin. Jobling and Petersen (5) pub- 
lished a series of articles in 1914 on the nature of 
serum antitiy'psin. They found that when serum 
was treated with chloroform, ether, and other 
organic solvents, the antitrypsin was removed. 
They failed, however, to demonstrate any tiy’pric 
activity in the treated serum. Minot (6) investi- 
gated the clotting activity of chloroform on oxa- 
lated blood and reported that the chloroform re- 
moved antithrombin from the serum. Yamakawa 
(7) in 1918 studied the effect of ether, chloroform, 
and adsorption on serum and was able to obtain 
some proteolytic effects. 'He suggested that the 
effects of the reagents used depended upon the 
removal of an antitryptic substance. 

^ The expenses of this investigation were defrayed in 
part by a gift to Harvard University from the Smith, 
Kline and French Laboratories, Philadelphia, Pennsyl- 
vania; and in part by a grant given “in recognition of 
Dr. Francis W. Peabody’s services to the Foundation” 
by the Ella Sachs Plotz Foundation. 

* Graduate Fellow, Belgian American Elducational Foun- 
dation, 1941-1942. 


The subject of the effect of proteolytic entyme 
systems, not of plasma origin, on blood plasma 
and fibrinogen has been reviewed by, and reinves- 
tigated in, the work of Eagle (8) who showed 
that tiypsin itself could cause blood coagulation. 
Eagle has suggested a coagulation reaction based 
on the Howell theory, in which calcium ion, blood 
platelets, or thromboplastin are replaced by tryp- 
sin. Ferguson and his coworkers (9, 10) have 
proposed a thromboplastic enzj^me sj'^stem, capable 
of breaking certain plasma complexes, which they 
consider related to blood coagulation. Until re- 
rently, however, the demonstration of the pres- 
ence of a tryptic-like enzyme in plasma has been 
lacking. 

Nolf (1) found that chloroform treated recalci- 
fied plasma possessed marked coagulation and 
fibrinolytic effect. Tagnon (3, 11), working ex- 
clusively on dog blood and using fibrinogen solu- 
tion for testing purposes, repeated Nolf’s obser\'a- 
tions and showed that when suitable concentra- 
tions of dog plasma preparations were used, the 
fibrin clot which first formed was redissolved. 
With still higher concentrations, no coagulation 
took place but fibrinogen was destroyed as evi- 
denced by failure of the solution to clot when 
thrombin was subsequently added. 

For purposes of purification, Tagnon precipi- 
tated diluted chloroform treated plasma at pH 6 
and found that the precipitate contained essentially 
all of the activity of the preparation. He also 
sho^ved that when the euglobulin fraction of this 
preparation was separated by dialysis, this frac- 
tion also contained most of the activity of the 
preparation. 

Tagnon pointed out the similarity of action be- 
tween his preparation and the action of try'psin 
on blood coagulation as described by Eagle (8). 
Apparently chloroform treated plasma was able, 
like trypsin, to produce thrombin from prothrom- 
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bin; Like trypsin also, was the failure of the 
chloroform treated plasma to coagulate fibrinogen 
unless prothrombin were present. The lytic effect 
of chloroform plasma on fibrinogen was also 
analagous to trypsin. 

These observations have been confirmed in this 
laboratory. The present communication is an 
attempt to extend Tagnon’s investigations to 
plasma of other species, to present further de- 
velopments in preparation, and to present pre- 
liminary evidence that such preparations of plasma 
may constitute part of a plasma enzyme system. 
Investigations have shown that a non-cellular frac- 
tion of the plasma euglobulin has a role in blood 
coagulation independent of prothrombin and 
fibrinogen (12, 13). Therefore, the present ob- 
servations also demonstrate the role which this 
“globulin substance” may play in a plasma enzyme 
system associated with blood coagulation. Lastly, 
the investigations attempt to show whether cal- 
cium ion or platelets are necessary in the elabora- 
tion of an active preparation. In the accompany- 
ing communication (14), the nature of the active 
agent will be discussed. 

EXPERIMENTAL 

Methods 

Normal human blood was collected in sufficient 2.5 per 
cent sodium citrate to give a final concentration of 0.25 
per cent of this salt.^ The plasma was obtained by cen- 
trifuging. Platelets and other formed elements were 
removed by recentrifuging the plasma at 4200 revolutions 
per minute for 30 minutes. To each 100 ml. of fresh 
cell free citrated plasma, 10 ml. of chloroform were 
added, without recalcification, and the mixture shaken 
vigorously for 1 minute in a tightly closed flask. It is 
important that the plasma be treated with chloroform 
within 12 hours of venepuncture. After some hours, a 
clot formed with considerable imbibition of the fluid por- 
tion of tlie mixture. The preparations were allowed to 
stand at room temperature, in the closed containers, until 
all of the clot had disappeared. This reaction for normal 
human plasma usually was complete in from 3 to 8 days. 
Rarely, a longer period than 8 days was required. When 
all the clot had disappeared, the flasks were opened and 
samples removed for bacteriological examination. The 
preparations were tested for prothrombin by recalcifica- 
tion or by Quick’s procedure (15) after the addition of 
fibrinogen, and for fibrinogen by the addition of thrombin. 

sin many experiments, the citrate was replaced by 
oxalate (0.1 ml. of a saturated solution of potassium 
oxalate to each 10 ml. of blood) without altering the 
results in any way. 


Both of these substances were absent. In no instance was 
the presence of bacteria, either by direct smear or by 
aerobic culture, demonstrated. The chloroform was re- 
moved by centrifuging and evaporation by a current of 
air. From this point on, any one of three methods of 
purification and concentration was employed. (J) The 
contents of the flasks were diluted with 10 volumes of 
distilled water, and the acidity brought to pH 6 by the 
addition of 1 per cent acetic acid. The supernatant liquid 
was syphoned off and the last portion of it removed by 
centrifuging. The precipitate was dissolved in 0.9 per 
cent sodium chloride to make a solution one-tenth the 
original volume of plasma. (2) Otherwise, the contents 
of the reaction flasks were transferred to cellophane tubes 
and dialyzed against running tap water at 8° C. for 3 or 
4 days. The euglobulin precipitate so formed was sep- 
arated from the supernatant liquid by centrifuging, and 
then dissolved in 0.9 per cent sodium chloride solution to 
make one-tenth the original volume of plasma. (3) To 
avoid dilution of the chloroform treated plasma and to 
shorten the time of dialysis, a third modification was 
occasionally employed, which was essentially a combina- 
tion of the first two methods. The chloroform treated 
plasma was dialyzed for one and a half days and then, 
without dilution, the contents of the cellophane sacks were 
adjusted to pH 6. The resulting precipitate was again 
dissolved in an amount of 0.9 per cent sodium chloride 
solution equal to one-tenth the original volume of the 
plasma. This saline solution of the active material will 
be referred to as “chloroform plasma globulin solution.” 
Modifications of the above standard procedures were 
sometimes employed for special purposes. These will be 
outlined at the appropriate time. 

Fibrinogen was prepared by the method of Mellanby 
(16). Prothrombin was prepared by a modification of 
the method of Mellanby (16) in which diluted oxalated 
plasma was deprived of its fibrinogen by rapid heating to 
56° C., cooling, and removal of the precipitate by filtra- 
tion. The filtrate w'as brought to pH 5.3 by 1 per cent 
acetic acid, and the precipitate so formed dissolved in 
one-tenth the original plasma volume with 0.9 per cent 
sodium chloride solution. Both fibrinogen and prothrom- 
bin preparations were kept by rapid freezing to minus 45° 
C. and storing in a carbon dioxide refrigerator at that 
temperature. Thrombin * was prepared from rabbit 
plasma by the method of Parfentjev (17, 18). Globulin 
substance was prepared either by acid precipitation (19) 
or by dialysis (2). 

Titration of the activity of preparations and observa- 
tions on fibrinolysis were made by placing 0.1 ml. of 
plasma or fibrinogen solution in 156 X 13 mm. test tubes, 
adding the requisite amount of the preparation to be 
studied and diluting the mixture to a total volume of 1.0 
ml; with 0.95 per cent salt solution or imidazole buffer 
(20) at pH 7.4. All reagents and preparations used were 
adjusted to pH 7.4. All observations were made at 37.5° 
C. in a constant temperature water bath. 

* Supplied by Lederle Laboratories, Inc., Pearl River, 
New Jersey. 
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GENERiSL PROPERTIES OF CHLOROFORM PLASMA 
GLOBULIN SUBSTANCE 

Action oj chloroform plasma globulin solution on 
fibrinogen solution 

Tagnon showed tiiat the addition of increasing 
amounts of his dog blood preparation to fibrinogen 
solution was not accompanied by clot formation. 
However, when a sufficient quantitj’ was added, 
fibrinogen \%‘as completely destroyed, as indicated 
by tlie failure of thrombin to produce a fibrin clot. 
In a few preparations, we were able to obtain such 
a result. In most instances, however, coagulation 
of the fibrinogen occurred. This was considered 
to be due to small amounts of thrombic activity 
remaining in the preparation. It could be demon- 
strated that tlie lytic activity of the chloroform 
preparation was not due to its thrombin content, 
as sho^m below. 


peated using pure thrombin solutions, clot forma- 
tion occurred at all concentrations employed, but 
no lytic action was observed during a subsequent 
period of 24 hours. Seegers (21) likewise has 
failed to show any fibrinolytic property in his 
thrombin preparation. 

Action of chloroform plasma globulin solution on 
normal plasma 

When the smallest quantity of chloroform 
plasma preparation which completely lysed fibrin- 
ogen, and which failed to clot fibrinogen solu- 
tions, was added to 0.1 ml. of plasma under stand- 
ard conditions, a clot always occurred. Further- 
more, much higher concentrations of the prepara- 
tion could be added to plasma before clot forma- 
tion was prevented. This is shown in the lower 
half of Table I. The sequence of events when 


TABLE I 


AdivUy of a chloroform globulin preparation on plasma and fibrinogen 


Chloroform 

globulin 

prepaiatioa 

Oxalated 

ctecr 

1 plasma 

Oialated 

fibrinogen 

1 

Saline 

Clot formation 

Dissolution ' j 

Thrombin 
solution after 

30 minutes 

ml. 

mi. 

ml. 

ml. 






0.2 

0.8 

No dot 30 minutes 


Clot 

0.1 


0.2 

0.7 

Clot 2 minutes 

Dissolved lOJ minutes 

No clot 



0.2 

0.5 

No clot 30 minutes 


No clot 

0.8 ! 


0.2 

0.0 

No clot 30 minutes 


No clot 

0.0 

0.1 


0.9 

No clot 30 minutes 


Clot 

0.1 

0.1 

1 

0.8 

Clot 11 minutes 

Not dissolved 30 minutes 


0.3 

0.1 


0.6 

Clot li minutes 

Dissolved 12 minutes 

No clot 

0.9 

0.1 


0.0 

No clot 30 minutes 


No dot 


As shown in the upper part of Table I, when 
increasing amounts of the chloroform plasma 
globulin preparation were added to a fibrinogen 
solution, coagulation occurred only in the lower 
concentration. In all instances, a point was 
reached at which no coagulation occurred. Fi- 
brinogen had been completely destroyed by the ac- 
tivity of the preparation. Furthermore, with in- 
creasing concentration of the chloroform plasma 
globulin, increasing lysis of the fibrin clot oc- 
curred. It could be concluded, therefore, that the 
preparation contained, in addition to thrombin, 
a powerful lytic material. When chloroform 
plasma globulin solutions were prepared according 
to the standard procedure in one-tenth the original 
volume of plasma, these results could always be 
duplicated. When these observations were re- 


plasma was used instead of fibrinogen solutions is 
clearly indicated in Table I. With increasing 
concentration of the chloroform plasma prepara- 
tion, there was coagulation followed by increased 
fibrinolysis imtil finally no coagulation occurred 
and no fibrinogen was present, as tested by the 
addition of thrombin. That the failure of the 
fibrinogen solution to clot after the addition of 
the chloroform preparation was not due to any 
antithrombic action of the preparation was demon- 
strated by the failure to obtain fibrinogen by 
chemical methods, when thrombin failed to coagu- 
late the fibrinogen solution. The results would 
indicate that there was a marked inhibition of the 
lytic effect of chloroform plasma globulin prepara- 
tion by plasma. What fraction of the plasma con- 
stituents is responsible for this inhibition is not 
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TABLE n 


Actioti of prothrombin on the activity of a chloroform glohulhi preparation 


Chloroform 

globulin 

preparation 

S Oxalated 
i fibrinogen 

1 

Saline 

1 

1 Oxalated 
pro- 
thrombin 

i 

Clot formation 

Dissolution 

Thrombin 
solution after 

30 minutes 

ml. 

ml. 

ml. 

ml. 





0.2 

0.8 

0 

No clot 30 minutes 


Clot 


0.2 

0.7 

0 

Clot 2 minutes 

Dissolved H- minutes 

No clot 


0.2 

0.5 

0 1 

No clot 30 minutes 


No clot 

0.3 

0.2 

0.4 i 

0.03 

Clot minutes 

Dissolved 15 minutes 

No clot 

0.3 

0.2 

0.4 1 

0.1 1 

Clot U minutes 

Not dissolved 30 minutes 


0,3 

0.2 i 

0.4 

0.3 

Clot minutes 

Not dissolved 30 minutes 



definitely established. It is known, however, that 
a plasma preparation containing a high concen- 
tration of prothrombin activity (17) will, as 
shown in Table II, reduce the lytic action of chlo- 
roform plasma to the same extent as plasma itself. 
This might suggest that prothrombin itself could 
be the inhibitor. 

THE RELATIONSHIP OF CHLOROFORM PLASMA 
GLOBULIN TO "GLOBULIN SUBSTANCE” 

AND PLASMA EUGLOBULIN 

Previous reports from this laboratory (12, 13) 
have shown the specific relationship of a globulin 
fraction of normal cell free plasma to the coagula- 
tion of blood. Tagnon has pointed out (11) that 
in the purification of his chloroform preparations 


and dialysis (13) for the latter preparation. 
While it is known that both of these preparations 
have a marked effect in promoting the coagulation 
of hemophilic blood, they have no fibrinolytic 
power. Isotonic saline solutions of globulin sub- 
stance or plasma euglobulinwere treated with chlo- 
roform and permitted to stand at room tempera- 
ture until the clot which had formed disappeared. 
The mixture was freed from chloroform and then 
was either precipitated at pH 6 or dialyzed against 
tap water at 10° C. in cellophane bags. In either 
case, the precipitate was dissolved in 0.9 per cent 
sodium chloride solution. Unlike the parent 
globulin substance or euglobulin, the preparation 
had marked fibrinolytic and fibrinogenolytic ac- 
tivity as shown in Table III. These results show 
that while globulin substance and plasma euglobu- 


TABLE III 


The activity of a preparation derived from chloroform treated globulin substance 


Active preparation 
from 

globulin substance 

Saline 

Oxalated 

fibrinogen 

Oxalated 

plasma 

. 

Clot formation 

Dissolution 

Thrombin 
added after 

30 minutes 

ml. 

nil. 

ml. 

ml. 




0 

0.9 

0.1 


No clot 


Clot 

0.1 

0.8 

0.1 


Clot 1 minute 

Dissolved 10 minutes 

No clot 

0.3 

0.6 

0.1 


No clot 


No clot 

0.5 

0.4 

0.1 


No clot 


No clot 

0 

0.9 


0.1 

No clot 


Clot 

0.1 

0.8 


0.1 

Clot 1 minute 

None 30 minutes 


0.5 

0.4 


0.1 

Clot 1 minute 

Dissolved 20 minutes 

No clot 

0.8 

0.1 


0.1 

Clot 1 minute 

No dot 

No clot 


similar methods were used to those employed in 
making globulin substance and plasma euglobulin 
preparation. He suggested that there might be a 
relationship between these two substances. Glo- 
bulin substance and plasma euglobulin were pre- 
pared by acid precipitation (20) for the former 


lin are essentially inactive as enzymes, they can 
readily be converted, without the addition of cal- 
cium, to proteolytically active substances by simple 
treatment with chloroform. The supernatant lig" 
uid, after removal of plasma euglobulin by dialy- 
sis, is not a potent source of enzyme. 
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THE EFFECT OF CALCIUM ION AND PLATELETS 

In Tagnon’s original preparation, the dog’s 
plasma was recalcificd before chlorcform w’as 
added. It could be, therefore, contended that 
calcium was a possible reactant in the reaction he 
described. Simiiarh*, the possibility of t!ie pres- 
ence of platelets in the plasma was not ru’ed out, 
and it might be argued bj’ those adhering to the 
generally accepted theory- of blood coagulation that 
thromboplastin of platelet origin was also involved. 
In the present studies, calcium ion was either re- 
moved by oxalate ion or rendered inactive by the 
presence of citrate ion ; 3 ’ct tlie reaction proceeded 
in the absence of that ion. To explore these facts 
further, many comparisons of fibrinolj'tic activity 
were made between recalcified and calcium ion 
free plasma, and platelet free and platelet rich 
plasma.^ No essential differences could be de- 
tected. It was, therefore, considered that this 
new enz^'me sj'stem could be prepared from sub- 
stances present in cell free plasma without the 
intervention of calcium ion. It was also consid- 
ered that the proteolytic enzyme could be elabo- 
rated from some non-cellular plasma derivatives, 
such as either globulin substance or some sub- 
stance associated \vith the plasma euglobulin. 

The data of Table I also show a thrombic ac- 
tivity to be present in the preparation although 
platelets were removed and calcium ion absent. 
Further evidence was obtained by a study of the 
blood plasma enzyme obtained from a patient with 
thrombocytopenic purpura. Although the blood 
platelet count was only 2,000 per c.mm., the 
plasma enzyme was foimd in normal amounts. 

Active enzyme preparations were also made by 
treating the portion of the plasma proteins precipi- 
tated between 20 per cent and 40 per cent satura- 
tion with ammonium sulphate, with chloroform 
and subsequently dialyzing in cellophane sacks. 

DISCUSSION 

The data presented indicate that when platelet 
free normal human plasma, free from active cal- 
cium ion, is treated with chloroform, a fraction of 
the plasma globulins appears to be changed or 
modified so that it exhibits the property of an 

° Platelet rich plasma was obtained by adding to normal 
plasma the platelet suspension obtained when platelet free 
plasma was prepared. 


enzyme. This enzyme appears to have the prop- 
erty of lysing both fibrin and fibrinogen. The 
enzyme preparations contain neither prothrombin 
nor fibrinogen. 

Tagnon (3) has shown that similar prepara- 
tions made . from recalcified dog’s plasma had 
similar properties. He also showed that these 
preparations were able to transform prothrombin 
into thrombin without the presence of calcium. 
The presence of thrombic activity in most of our 
preparations from normal human plasma indicates 
that a similar transformation of prothrombin oc- 
curs. This concept is supported by the fact that 
chloroform plasma globulin preparations can co- 
agulate solutions of fibrinogen. The presence of 
thrombic activity in a preparation from plasma 
containing no active calcium ion is interesting. 
This represents the second type of preparation 
from plasma in which such a situation has arisen. 
Parfentjev (17) described a pseudoglobulin frac- 
tion prepared from citrated or oxalated rabbit 
plasma, having a clot promoting activity. We 
were able to repeat these observations and also 
were able to prove the activity thrombic in nature 
(19). In these preparations, calcium ion was re- 
moved by addition of oxalate or citrate. 

There is a marked difference, however, betiveen 
the chloroform plasma globulin preparation and 
thrombin prepared by Parfentjev's procedure. 
The first has the power to clot oxalated plasma 
and fibrinogen solution and then rapidly to lyse 
the precipitated fibrin. Parfentjev’s thrombin 
will coagulate fibrinogen instantly, but at no con- 
centration will fibrinolysis occur, within the ob- 
servation period of 24 hours. 

Tagnon, using dog blood as a source of enzyme, 
stated that his preparation coagulated plasma, but 
not fibrinogen solution unless prothrombin were 
added. Using human blood, the chloroform prep- 
aration nearly always exhibited a slight thrombic 
activity. We have, however, by careful quantita- 
tion been able to find for all our preparations 
some concentration at which fibrinogenolysis oc- 
curs before coagulation by the thrombic activity 
can intervene. In both Tagnon’s preparations 
and the present ones, thrombin always was pro- 
duced as a result of chloroform action, but Tag- 
non was able to destroy the thrombic actiwty of 
his preparation by allowing the preparation to 
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Stand, while we wei'e unable to remove the last 
traces of it in our preparation by this method. 

So far as the experiments on fibrinogen arc 
concerned, we must for the present report that, 
dependent upon the concentration used, the fol- 
lowing events occur. At low concentration of 
the chloroform plasma globulin, coagulation of 
fibrjno'gen occurs, while at higher concentration, 
Ahe coagulation is followed by fibrinolysis, and at 
still higher concentrations, fibrinogenolysis occurs 
with no copulation. The absence of fibrinogen 
can be demonstrated either by the addition of 
thrombin or by failure to obtain fibrinogen by 
heating or salting out methods. 

Plasma and derivatives of plasma containing a 
high concentration of prothrombin definitely in- 
hibit the proteolytic activity of the chloroform 
plasma preparation. This is indicated by the 
much higher concentration of the preparation re- 
quired to effect lysis of the clot, and the still higher 
concentration required to remove fibrinogen by 
lysis prior to coagulation. The nature of this in- 
hibition is under investigation at present. Job- 
ling’s experiments (5) on trypsin are of interest 
in this regard. This author concluded that an 
antitryptic material was removed from plasma 
by the action of chloroform. Unfortunately, his 
experiments do not preclude the possibility of aug- 
mentation of tryptic effect due to the elaboration 
of another but similar proteolytic enzyme by the 
action of chloroform on the plasma. 

Fibrinolysis does occur in certain disease states 
subsequent to the coagulation of shed blood. 
Such instances, however, are rare except when 
bacterial contamination of the blood is present. 
Furthermore, the time required for such fibrino- 
lysis is very long. In the present investigation, 
all preparations were made under sterile condi- 
tions and no bacterial contamination was found 
at the end of the incubation period. It is con- 
cluded, therefore, that the proteolytic activity was 
elaborated as a result of the chloroform treatment. 

The inactive progenitor of the fibrinolytic factor 
present in plasma is uncertain. It can be stated, 
however, that the impure protein fraction, con- 
tained in globulin substance which has no proteo- 
lytic activity, can be activated by chloroform. 
The proteolytic activity of such a preparation is 
in no wise different from that obtained from whole 
plasma. Similarly, plasma euglobulin, equally in- 


active as a proteolytic enzyme, can be activated 
by chloroform to develop marked fibrinolytic ac- 
tion. The supernatant liquid from the euglobulin 
preparation is not a source of significant amounts 
of the enzyme. 

There has been, up to the present time, no indi- 
cation of general species specificity. The proteo- 
lytic activity is present in chloroform plasma 
globulin preparations of human, dog, beef, rabbit, 
and swine blood. Horse blood is an exception 
insofar as preparations from such blood are only 
minimally potent. 

In many respects, the chloroform plasma prep- 
aration, as reported here and earlier by Tagnon, 
resembles trypsin in its action on plasma, fibrin- 
ogen, and prothrombin. The role which chloro- 
form plasma globulin plays in blood coagulation 
is not as yet clear. However, there is.no doubt 
that the preparation can cause coagulation of oxa- 
lated blood and fibrinogen solution, with subse- 
quent lysis. 


SUMMARY 

1. A method for preparing an active enzyme 
from blood plasma is given. 

2. In higher concentrations, the enzyme can 
cause both fibrinogenolysis and fibrinolysis, m 
both plasma and pure fibrinogen solution. 

3. Plasma preparations containing high concen 

trations of prothrombin inhibit the enzyma ic 
activity. .. 

4. Globulin substance and plasma euglo um, 
which possess no proteolytic activity, can be con 
verted into globulin fractions, possessing mar e 
proteolytic activity, by the action' of chloroform. 

5. Removal of calcium and platelets has no 
demonstrable effect on the activity of the p asm 
enzyme. 
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In tlic preceding paper (1) the preparation, 
by tlie action of diloroform on calcium and cell 
free plasma and subsequent precipitation of the 
globulins, of a globulin fraction ha\nng marked 
fibrinogenoljlic and fibrinoljlic properties was 
described. The present communication describes 
tlie diemical nature of these preparations. The 
preceding paper e.vplains the actidty of the dilo- 
roform plasma preparations on the basis of the 
presence, in tliem, of a proteolytic enzjTne. The 
present communication offers evidence substanti- 
ating this assumption. 

METHODS 

Blood from the aorta of freshly stunned steers was 
collected in 20 per cent potassium oxalate solution. The 
final concentration of oxalate was 0.2 per cent. The 
plasma was removed by centrifuging. The plasma was 
then treated with chloroform. Chloroform plasma and 
Its globulin derivatives were then prepared, as described 
in the preceding paper (1). 

Determinations of pH were made by a glass electrode, 
non-protein nitrogen estimations by micro Kjeldahl 
methods, and viscosity determinations by the Ostwald 
viscosimeter at 37.5° C. 

As substrates, fibrinogen, gelatin, and casein were used. 
Plasma was, in general, used as a source of fibrinogen 
and the lysis of precipitated fibrin followed by determina- 
tions of non-protein nitrogen at daily inter\-als. When 
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casein and gelatin were used as substrates, 2 per cent solu- 
tions of these proteins were employed. 

In the non-protein nitrogen studies, an equal volume of 
the standard enz>Tne preparations was added to the sub- 
strate and the mixture adjusted to pH 7. Samples were 
removed at suitable intervals of time, and the progress 
of hydrolysis followed by the non-protein nitrogen 
produced. 

For viscosimetric studies a 4 per cent gelatin solution 
was employed and the amounts of enzyme noted in the 
text were added. Both the gelatin and enzyme solutions 
were adjusted to the required pH, all particulate matter 
removed by centrifuging, and the solution brought to a 
temperature of 37.5° C. before mbdng. The mixtures 
were transferred to the viscosimeters and the initial vis- 
cosity times recorded. No attempt was made to calculate 
absolute or relative viscositj', only the percentage change 
in viscosity time being of immediate interest. The vis- 
cosity was determined at 15 minute intervals. 

Bacteriological cultures on all preparations showed that 
contamination by bacteria was absent in both plate and 
broth culture. One per cent chloroform was used as a 
bacteriostatic agent in the non-protein nitrogen experi- 
ments. As buffers, either phosphate or imidazole buffer 
(2) was used. 

EXEERIMEXTAI. 

The first observaU'ons of true proteolysis were made 
on plasma after the addition of chloroform. As has been 
stated before (1), the clot which initially forms under- 
goes lysis. The disappearance of this protein clot in 3 or 
4 days was suggestive of proteolysis. When samples 
from the reaction vessels were removed and analyzed at 
daily intervals, an increase in non-protein nitrogen was 
found. No bacterial contamination was present. This, 
and many similar observations, indicate that during the 
preparation of the enzyme, hydrolysis of protein pro- 
gressed. Similar proteolysis was observed when saline 
solutions of globulin substances were treated with chloro- 
form (Figure 1). 

Proteolysis of casein and gelatin. \\Tien the saline 
solution of the globulin fraction of steer plasma, ob- 
tained after the action of chloroform, was added to an 
equal volume of gelatin at pH 7, a marked increase in 
non-protein nitrogen occurred, indicating that digestion by 
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casein and gelatin were used as substrates, 2 per cent solu- 
tions of these proteins were employed. 

In the non-protein nitrogen studies, an equal volume of 
the standard enz>me preparations was added to the sub- 
strate and the mixture adjusted to pH 7. Samples were 
removed at suitable intervals of time, and the progress 
of hydrolysis followed by the non-protein nitrogen 
produced. 

For viscosimetric studies a 4 per cent gelatin solution 
was employed and the amounts of enzyme noted in the 
text were added. Both the gelatin and enzyme solutions 
were adjusted to the required pH, all particulate matter 
removed by centrifuging, and the solution brought to a 
temperature of 37.5° C. before mixing. The mixtures 
were transferred to the viscosimeters and the initial vis- 
cosity times recorded. No attempt was made to calculate 
absolute or relative viscosity, only the percentage change 
in viscosity time being of immediate interest. The vis- 
cosity was determined at IS minute intervals. 

Bacteriological cultures on all preparations showed that 
contamination by bacteria was absent in both plate and 
broth culture. One per cent chloroform was used as a 
bacteriostatic agent in the non-protein nitrogen experi- 
ments. As buffers, either phosphate or imidazole buffer 
(2) was used. 

EXPEEISIENTAI, 

The first observations of true proteolysis were made 
on plasma after the addition of chloroform. As has been 
stated before (1), the clot which initially forms under- 
goes lysis. The disappearance of this protein clot in 3 or 
4 days was suggestive of proteolysis. When samples 
from the reaction vessels were removed and analyzed at 
daily intervals, an increase in non-protein nitrogen was 
found. No bacterial contamination was present This, 
and many similar observations, indicate that during the 
preparation of the enzyme, hydrolysis of protein pro- 
gressed. Similar proteolysis %vas observed when saline 
solutions of globulin substances were treated with chloro- 
form (Figure 1). 

Proteolysis of casein and gelatin. When the saline 
solution of the globulin fraction of steer plasma, ob- 
tained after the action of chloroform, was added to an 
equal volume of gelatin at pH 7, a marked increase in 
non-protein nitrogen occurred, indicating that digestion by 
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Fig. 1. Increase in Non-Protein Nitrogen Fou-owing the Exposure of Plasma Euglobulin to the 

Action of Chloroform 
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Fig. 2. Hydrolysis of Casein by the Plasma Protease 
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Fic. 3. The Effect of the Action of the Plasma Enzyme on the Viscosity of a 

Gelatin Solution 



Fig. 4. The Effect of pH on the Activity of the Plasma Enzyme 
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Fig. 5. The Effect of Temperature on the Rate of Hydrolysis by the Plasma Protease 


hydrolysis takes place (Figure 2), Entirely similar re- 
sults were obtained when casein was used as a substrate. 

Viscosimetric studies. To study the effect of pH and 
temperature on this enzyme, viscosimetric studies were 
employed. Figure 3 shows the effect of the active enzyme 
preparation on the rate of flow of a gelatin solution in a 
typical experiment. The lower curve is a control in 
which the enzyme solution was inactivated by boiling. 

Since the enzyme preparations were obviously impure, 
there seemed no point in developing the reaction kinetics 
too far. The empirical equation of Schutz was applied 
to the reaction. Table I shows that the Schutz law holds 
remarkably well for the plasma enzyme. 

The optimum pH of proteolysis by the plasma enzyme. 
Gelatin solutions, having an initial pH between 5.5 and 
10, were made. The enzyme samples were adjusted to 
similar pHs and mixed. After each run, the pH was 
checked and the curve for change in viscosity time was 
drawn. The curve shown in Figure 4 was obtained by 
plotting the change in viscosity, 1 hour after the run 
was commenced, against the pH. It will be observed 
that the enzyme has an optimal pH at 7.4. 

The effect of temperature on the plasjna enzy}ne. As 
was shown in Figure 3, when a solution of the enzyme 
was boiled, its activity was destroyed. Figure 5 shows a 
composite of several enzyme curves giving the rates of 
viscosity change 1 hour after mixing at different tem- 
peratures from 2° to 50° C. The optimum temperature 
of the enzyme reaction was found to be approximately 
36° C. There was no activity at temperatures above 50° 
C. The temperature coefficient (QIO) for the 10 degree 
;ntprv’,n1 between 20° and 30° C. was 1.5. The tempera- 


ture coefficient was obtained by determining the ratio of 
the reaction velocities at 20° and 30° C. This coefficient 
was within the range found for most proteolytic enzymes. 
Trypsin alone has a higher temperature coefficient. 

DISCUSSION 

The foregoing evidence indicates that a true 
proteolytic enzyme can be prepared from oxalated 
or citrated steer plasma by the addition of chloro- 
form. This proteolytic activity is associated with 
the globulin fraction of the plasma proteins, after 
treatment with chloroform. 

As early as 1903, Delezenne and Pozerski (3) 
reported that normal serum treated with chloro- 
form had a lytic effect on gelatin. Abderhalden 
(4), knowing that normal serum had no such 
proteolytic effect, dismissed this finding as being 
due to the action of chloroform on the leukocytes. 
Barker (5) believed that the fibrinolysis of clots, 
which he also observed, was due to entrapped 
mononuclear cells. In all this work, however, the 
manipulations required might well justify Abder- 
halden’s criticism of an intracellular source of the 
enzyme. The first investigator to work with cell 
free plasma was Hedin (6) who in 1904, showe 
that it could digest both casein and gelatin but 
not coagulated egg albumin. Unfortunately, 
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Hcdin's preparations were very weakly active, and 
precise data on the jiroperties of the enzyme were 
not obtainable. 

TABLE i 


Applicalion of the Schulz rule to the plasma prolease 


/ 

Tine of incuhalioa 
in hours 

y 

Ce chance 

In vi«co*ily 

K 

2 

9.0 

6.4 

4 

15.3 

7.7 

6 

20.1 

8.3 

8 

24.3 

8.6 

10 

28.0 

8.8 

12 

30.9 

8.9 

14 

33.0 

8.8 

16 

34.5 

8.6 

18 

35.4 

8J 

20 

36.0 

8.0 


The present data indicate that the active en- 
zv-me is a protein capable of lysing fibrin, fibrin- 
ogen, casein, and gelatin. Lysis is accompanied 
by an increase in split protein products and also 
by a diminution of the viscosity of gelatin. The 
enzjane is thermolabile, being destroyed by boil- 
ing, and haring an optimal temperature in vitro 
of 36° C. Its optimal pH is between 7.4 and 7.9. 

Schmitz (7), in 1936, was able to isolate from 
plasma an enzjTne capable of producing slight in- 
creases in non-protein nitrogen when added to 
substrates of casein and gelatin. It is interesting 
that his data for optimum pH agree fairly well 
with our own, although the activity of his prep- 
arations was much less. 

The plasma enzyme resembles trypsin although 
identification of the new enzyme with trypsin is 
not at present possible. It is probably not of 
pancreatic origin since derivatives of depancrea- 
tized dog plasma have been shown to be quite 
satisfactory for the formation of the enzyme (8). 

The data of this communication deal wth prep- 
arations of steer blood. Similar preparations 
from human and swine plasma were, by the meth- 
ods described herein, equally active as proteolytic 
enzymes. However, horse plasma has been found 
deficient as a source of the enzyme. 


CONCLUSIONS 

(1) When chloroform acts on oxalated or ci- 
trated steer plasma and plasma globulins subse- 
quently precipitated, these globulin fractions have 
the properties of an enzjme. 

(2) This enzyme is capable of digesting fibrin- 
ogen, fibrin, gelatin, and casein as indicated by 
the progressive formation of non-protein nitrogen 
from the substrates. The non-protein nitrogen 
studies were confirmed in the case of gelatin by 
viscosimetric studies. 

(i) The enzyme has an optimal pH of 7.4 at 
37.5° C. 

(4) The enzjme is destroyed by boiling and 
exhibits its optimal activity at a temperature of 
36° C. at pH 7. 
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Methods for the measurement of the digital 
blood pressure and flow have been described in a 
preHous report (1). The calculation of the blood 
flow from calorimetric obseiwations has since been 
modified, and a method developed for calculating 
the digital vascular resistance. With these meth- 
ods, studies have been made on normal subjects 
and on patients trith various tj'pes of hj’perten- 
sion. Since a decrease in cardiac output had been 
found after coronary’ arterj' ligation in dogs (2), 
investigations were also made on patients with 
coronary occlusion in order to determine whether 
a consistent change in the digital circulation could 
be demonstrated. 

METHOD 

All measurements were made under standardized condi- 
tions. The patient was resting in bed and the measure- 
ments were made after warming the hody, by placing one 
arm in water at a temperature of from 43° to 45° C. 
until sweating became generalized. After this procedure, 
reproducible digital blood flow measurements are obtain- 
able in the same individual, whether normal or abnormal. 
Whether the degree of vasodilatation thus obtained repre- 
sents a complete release of sympathetic tone, however, is 
still controversial. 

The digital blood flow was measured by the calorimetric 
method (1). According to Steivart (3), the specific heat 
of normal blood is nearer 0.9 than 1.0. The specific heat 
of tissue, on the other hand, is approximately 0.8. The 
accuracy of the method was therefore slightly increased 
by substituting 0.9 for 1.0 as the specific heat of the 
blood, and by adding the hydrothermic equh-alent of the 
immersed finger tip (volume multiplied by 0.8) to the 
other hydrothermic equivalents. 

The exact relationships between blood flow, blood pres- 
sure, blood viscosity, and frictional resistance of the vas- 
<mlar bed have not yet been clearly delineated. For prac- 
tical purposes, however, the relationships proposed by 
Boger and Wezler (4) and by Bazett, Cotton, Laplace 
and Scott (5) may be applied to the digital circulation. 
According to these workers, if F is the blood flow, P, 
the effective mean arterial pressure, and R, the so-called 


peripheral vascular resistance, then. 



F czP- 

and 


hence, 

F^^K; 

and 

R = jK. 


On close analysis, R depends chiefls" on the size of the 
vascular bed and on the viscosity of the blood. It has 
been shown that the effective viscositj- varies very little 
with eiythrocyte concentrations in the normal range of 
variation (6). Since our measurements were made upon 
patients whose erythrocyte counts varied from four to five 
million per c. mm., the viscosity factor may be assumed 
to be relatively fixed and variations in R to be caused 
chiefly by variations in the size of the vascular bed, espe- 
cially the cross-sectional area. 

In determining the peripheral t-ascular resistance, R, 
of the entire systemic circulation, Bazett, Cotton, Laplace 
and Scott (5) assigned an arbitrary value of 3.0 to K 
in order to bring the normal units of resistance approxi- 
mately to 100. The corresponding value for K in the 
digital circulation is 0.3, since F is expressed in cc. per 
sq. cm. per minute, instead of in liters per sq. meter per 
minute. Until the exact physical relationships governing 
the peripheral circulation are worked out, such arbitraiy 
units are preferable, for comparative measurements, to 
the physical units proposed bj’ Boger and Wezler (4). 

The digital \'ascular resistance, R, therefore, is calcu- 
lated from the equation. 



The value for K is 0.3. F is the digital blood flow in cc. 
per sq. cm. per minute as measured by the calorimetric 
method. P is the effective mean digital arterial pressure 
which is obtained by subtracting the venous pressure from 
the arithmetic mean of digital systolic and diastolic pres- 
sures, as measured with the Gaertner capsule (7, 8). 
For practical purposes the arithmetic mean is an adequate 
approximation of the true mean arterial pressure. The 
venous pressure is arbitrarib’ assumed to be 6 mm. of 
mercury in the absence of congestive heart failure. In 
many of the cases of coronary thrombosis, the actual ante- 
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cubital venous pressure was determined by the direct 
method and in most, found to be normal. In the occa- 
sional case in which it was found elevated, the actual 
value was substituted for 6 mm. Since measurements of 
digital arterial pressure were made approximately at 
heart level, the hydrostatic factor could be disregarded. 

Twelve normal subjects, thirty patients with various 
types of hypertension, and twenty-six cases of coronary 
occlusion, were studied with these methods. Many of the 
patients with coronary occlusion had preexisting hyper- 
tension. In some, the antecedent hypertension was veri- 
fiable from previous records or from the history, whereas 
in the remainder, the previous blood pressures were either 
normal or unknown. 

RESULTS 

Normal subjects 

The results in twelve normal subjects are pre- 
sented in Table I. With the new modifications 
in method, the normal range of variation in digital 
blood flow was from 0.23 to 0.34 cc. per sq. cm. 

TABLE I 
Normal 


After body warming 


Patient 

Age 

and 

sex 

Pre- 

liminary 

brachial 

blood 

pressure 

Brachial 

blood 

pressure 

Digital 

blood 

pressure 

Digital 

blood 

flow 

Digital 
vascu- 
lar re- 
sist- 
ance 

P, W. 

22 M 

mm, Hg 

110/75 

tnin. Hg 

102/74 

mm. Hg 

88/40 

cc. per 
sg, cm. per 
minute 

0.27 

units 

63 

A. S. H. 

31 M 

125/86 

130/85 

106/50 

0.23 

93 

A. R. 

25 M 

118/88 

112/82 

84/70 

0.31 

69 

W. P. 

23 M 

120/85 

118/85 

102/64 

0.24 

96 

A. F. M. 

30 M 

122/84 

118/90 

96/60 

0.34 

63 

A. L. 

24 M 

118/75 

108/74 

104/64 

0.31 

75 

A. M. 

45 M 

112/75 

114/72 

108/68 

0.32 

75 

M. M. 

31 M 

125/84 

115/86 

98/55 

0.31 

69 

A. K. 

50 M 

122/86 

105/72 

86/60 

0.33 

61 

P. S. C. 

45 F 

mill 

104/68 

96/64 

0.30 

75 

G. J. C. 

51 M 

130/85 

125/78 

108/70 

0.31 

81 

M. C. M. 

25 F 

110/72 

104/74 

88/50 

0.26 

72 


per minute. The average was 0.29 cc. ± a stand- 
ard deviation of 0.03 cc. The average arithmetic 
mean digital arterial pressure was 78 mm. of mer- 
cury ±: a standard deviation of 7 mm. The aver- 
age arithmetic mean brachial arterial pressure was 
96 mm. of mercury ± a standard deviation of 7 
mm. The average digital vascular resistance was 


74 units ± a standard deviation of 11 units. The 
normal range of variation was from 63 to 96 units. 

Arterial hypertension 

The results in thirty cases of hypertension are 
presented in Table II. Eight apparently normal 
subjects had elevated blood pressure before body 
warming. In these cases, the hypertension may 
be called neurogenic since it subsided after body 
warming, no increase in fixed resistance being 
demonstrable. In two of these cases (J. J. and 
L. L.), the vascular resistance was on the border- 
line, and it was impossible to be sure that these 
patients did not have early fixed hypertension. 
In one case of pheochromocytoma, the elevated 
preliminary blood pressure subsided promptly 
after warming the body and no increase in fixed 
resistance could be demonstrated. 

In three cases of early essential hypertension in 
young people, the blood flow was definitely below 
the lower limit of normal and the resistance ele- 
vated out of proportion to the rise in blood pres- 
sure. Similar observations were made in three 
cases of acute glomerulonephritis. In two of 
these cases the increase in resistance was re- 
versible, since both the blood flows and blood 
pressures became normal after the nephritis 
subsided. 

In nine cases of essential hypertension of several 
years duration, in one case of chronic glomerulo- 
nephritis, and in one case of toxemia of pregnancy, 
the digital blood flows were within normal limits, 
and the resistances elevated in proportion to the 
blood pressure levels. In several of these cases, 
there was a superimposed complement of neuro- 
genic hypertension, since the preliminary blood 
pressures dropped to less elevated levels after 
warming the body. 

In three of the four cases of malignant hyper- 
tension, the digital blood flow was decreased an 
in the fourth, it was at the lower limit of normal. 
In these cases, the digital vascular resistance was 
elevated out of proportion to the increase in bloo 
pressure. 

Coronary occlusion 

The results in twenty-six cases of coronary oc- 
clusion are presented in Table III. In ten of t e 
cases of acute myocardial infarction, both the cim- 
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TABLE II 
Hypertension 


After body warming 


Patient 


Age and sex 


Diagnosis 


Prclimlnar>» 
bradual blood 
pressure 


Drachial 

blood 

pressure 


Digital 

blood 

pressure 


Digital 

blood 

flow 


Digital 

vascular 

resistance 


mm. Bg 


mm, Bg 


mm. Bg 


cc. Per 
sq. cm. per 
minute 


units 


B.B. 
B. R. 
P. \V. 
D. S. 
A. D. 
F. C. 


JU. 

M. M 

I. B. 

J. N. 


20 F 
27 M 
24 M 
18 M 

23 M 
40 F 
27 M 

24 M 
17 F 

21 F 
38 M 


E. H. 


32 F 


R. M. 

H. B. 
E. K. 
P. L. 
G. B. 
A. C. 
L. T. 
A.F. 
A. S. 
P. S. 
E. S. 
L. L. 
J. S. 
L. N. 

I. G. 

J. P. 
D. B. 
I. R. 


21 M 

22 M 

34 M 
20 M 
28 F 

35 M 

57 F 

58 F 

41 F 

47 F 
38 F 
35 M 
24 M 
35 F 
56 F 

48 F 

42 M 
48 M 


Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Neurogenic hypertension 
Pheochromocj’toma 
Acute glomerulonephritis 
Acute glomerulonephritis 
Recovered 

Acute glomerulonephritis 
Recovered 

Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Essential hypertension 
Chronic glomerulonephritis 
Toxemia of pregnancy 
Malignant hypertension 
Malignant hypertension 
Malignant hypertension 
Malignant hypertension 


145/100 

148/95 

138/88 

140/94 

148/88 

140/86 

145/88 

160/95 

157/120 

140/88 

180/118 

134/80 

185/120 

130/75 

155/80 

165/80 

175/120 

180/105 

182/130 

160/104 

210/120 

175/96 

174/96 

235/125 

230/155 

165/108 

165/115 

185/108 

250/130 

255/135 

220/150 

238/150 


135/94 

110/76 

0.32 

81 

132/86 

116/60 

0.34 ■ 

72 

128/80 

102/60 

0.32 

72 

125/84 

96/52 

0.26 

78 

152/72 

112/75 

0.31 

84 

142/76 

102/52 

0.29 

75 

125/75 

88/70 

0.25 

96 

135/88 

125/75 

0.28 

100 

145/70 

120/80 

0.32 

90 

130/85 

116/82 

0.21 

132 

158/102 

155/84 

0.19 

180 

134/84 

110/82 

0.27 

99 

190/115 

160/115 

0.17 

231 

128/74 

106/78 

0.31 

83 

155/70 

105/75 

0.21 

120 

135/68 

120/75 

0.20 

122 

170/115 

140/112 

0.19 

189 

155/95 

120/92 

0.26 

115 

182/130 

lSS/122 

0.25 

156 

162/102 

128/100 

0.25 

137 

212/118 

175/68 

0.26 

141 

178/90 

110/94 

0.23 

126 

160/95 

136/96 

0.26 

126 

212/134 

160/115 

0.25 

156 

226/142 

190/140 

0.30 

159 

160/115 

118/100 

0.25 

129 

158/95 

148/108 

0.26 

141 


182/94 

0.32 

123 

238/125 

216/130 

0.21 

240 

240/134 

212/112 


204 


198/154 


363 


205/112 

■B 

306 


ical course and the electrocardiographic changes 
were typical. In nine of these cases the digital 
blood flow was below the lower limit of normal 
and in the remaining case, within the normal 
range. 

In five cases of acute myocardial infarction, the 
clinical course of the disease was characteristic 
but the electrocardiographic findings were equi- 
vocal, either because the patient was seen several 
weeks after the onset of symptoms, or because of 
associated electrocardiographic changes, such as 
intra-ventricular block. In each of these cases, 
the digital blood flow was below the lower limit 
of normal. 

In five cases, the clinical course was atypical 
despite progressive changes in the electrocardio- 


gram. No definite diagnosis could be made in 
these cases although they were suggestive of either 
coronary occlusion or coronary insufficiency. 
The digital blood flow was found to be decreased 
in three of these cases and normal in tivo. 

In three cases of coronary occlusion, studied 
several months or more after the acute attack, the 
digital blood flow was normal in all three. 

No cases of acute coronary occlusion were 
studied in the first few days after the onset of 
symptoms, when the blood pressure is said to rise 
in some cases because of compensatory vasocon- 
striction (9). In the more stabilized phase in 
■which these cases were studied, the digital vas- 
cular resistance was generally in accord with the 
level of the blood pressure prior to the acute at- 
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TADLF. Ill 
Coronory occlusion 


Patient 


Age 

and 

Bex 


Clinical 

oourao 


Elcotro- 

oardiogram 


Date of onset 
of symptoms 


Date of 
observations 


Previous 

bracliial 

blood 

pressure 


Pre- 

liminary 

brachial 

blood 

pressure 


After body warming 


Braohlal 

blood 

pressure 


Digital 

blood 

pressure 


Digital 

blood 

flow 


Dijitsl 

vajsn- 

lart^ 

ristaoM 


B.S. 

55 M 

B.M. 

63 M 

S.P. 

52 F 

E,S. 

48 F 

A.O. 

52 M 

s.w. 

59 M 

J.K. 

47 M 

A.B. 

60 F 

H.M. 

63 M 

N.A. 

62 M 

B.L. 

55 F 

M.N. 

SOF 

A.G. 

67 M 

S.D. 

63 M 

P.N. 

43 M 

R.S. 

58 F 

G.L. 

68 F 

M.H. 

40 F 

M.M. 

65 F 

S.B. 

62 F 

S.V. 

63 M 

J.G. 

SOM 

D.R. 

39 M 

S.K. 

48 M 

S.5 

64 M 

B.M. 

65 M 


Typical; second 
attack 

Typical 

Typical 

Typical 

TVpioal 

Typical 

Typical 

Typical 

Typical 

Typical; second 
attack 

Typical; second 
attack 
Typical 
Typical 
Typical 
Typical 
Atypical 
Atypical 
Atypical 
Atypical 
Atypical 
Atypical; second 
attack 

Atypicalisecond 

attack 

Atypical 

Typical 

Typical 

Atypical 


Progtessivo ehnngo 


Progressive change 
Progressive change 
Progressive change 
Progressive change 
Progressive change 
Progressive change 
Progressive change 
Progressive change 
Progressive change 

Equivocal 

Equivocal 
Equivocal 
Equivocal 
Equivocal 
Progressive change 
Progressive change 
Progressive change 
Progressive change 
Profqessive change 
Eqmvocal 

Equivocal 

Equivocal 
Progressive change 
Progressive change 
Progressive change 


May la, 1911 


May 13, 1941 
July 2, ISMl 
July 25, 1941 
August 19, 1941 
September 2, 1941 
September 8, 1941 
September 30, 1941 
November 22,1941 
October 12, 1941 

July 9, 1941 

August 9, 1941 
August 27, 1941 
October 24, 1941 
November 8, 1941 
May 9, 1941 
July 9, 1941 
November 17, 1941 
November 27, 1941 
December 4. 1941 
October 2, 1941 

October 31, 1941? 

October 1, 19417 
July 5, 1940 
May 6, 1930 
February 19, 1941 


Juno 0, 1941 


Juno 20, 1941 
August 4. 1941 
August 23, 1941 
September 19, 1941 
September 30, 1941 
October 8, 1941 
October 25, 1941 
December C, 1041 
November 16, 1041 

July 23, 1941 

September 18, 1041 
October 2, lOil 
November 17, 1941 
November 17, 1941 
June 10, 1941 
August 1, 1041 
November 29, 1941 
December 10, 1941 
December 20, 1041 
October 31, 1941 

November 11, 1941 

November 3, 1941 
November 24, 1941 
November 14, 1941 
November 16, 1941 


mm. Ilg 
230/7 


Unknown 

High 

200/7 

140/00 

Unknown 

132/02 

Unknown 

Unknown 

Normal 

190/7 

160/110 

Unknown 

150/90 

Unknown 

180/7 

180/7 

High 

High 

190/85 

180/100 

Unknown 

150/7 

Normal 

140/00 

150/110 


mm. Ilg 
142/90 


120/88 

126/80 

160/102 

118/84 

135/95 

min 

105/85 

116/78 

100/72 

138/100 

125/88 

120/90 

135/65 

135/90 

160/80 

105/75 

150/92 

155/68 

158/88 

150/84 

110/68 

130/88 

125/88 

155/95 

142/98 


mm. Hg 
130/80 


112/85 

120/90 

104/102 

110/76 

108/82 

110/74 

88/08 

118/76 

98/74 

138/94 

128/88 

98/76 

124/68 

116/74 

150/85 

145/72 

138/76 

142/50 

148/78 

150/85 

110/80 

142/04 

116/84 

138/90 

138/84 


mm. Hg 
130/85 


88/72 

118/102 

140/78 

110/76 

98/68 

102/64 

72/60 

100/64 

70/48 

125/86 

104/90 

96/60 

106/64 

88/70 

118/92 

102/70 

108/74 

96/72 

124/86 

114/72 

98/56 

118/84 

92/78 

115/80 

120/82 


cc. per 
tq. cm. 
vermin. 
0.13 


0.22 

0.27 

0.18 

0.14 

0.12 

0.16 

0.20 

0.18 

0.16 

0.17 

0.18 

0.22 

0.10 

0.12 

0.28 

0.26 

0.21 

0.14 

0.16 

0.23 

0.29 

O.IS 

0.34 

0.24 

0.26 


mill 

234 


103 

II7 

ISO 

1S6 

192 

144 

90 

127 

99 

177 

153 

99 

147 

183 

lOS 

93 

121 

163 

186 

114 

74 

JS9 

69 

114 

111 


tack, where that could be determined. The re- 
sistance was elevated in twenty cases and normal 
in six. In seventeen of the twenty cases in which 
it was elevated, the previous blood pressure was 
known to be high, either from the hospital records 
or from the patient’s statement. The correlation 
between the level of the resistance and the level 
of the previous blood pressure was accurate in 
some cases and only fairly accurate in others, a 
discrepancy ascribable to errors in measuring 
blood pressure and to fluctuations in the neuro- 
genic complement of the hypertension. Of the six 
cases with normal digital vascular resistance, the 
previous blood pressure was known to be normal 
in two and unknown in three. In the remaining 
case (G. L.), the antecedent blood pressure was 
loiown by the patient to be high. This patient, 
however, was psychoneurotic and her blood pres- 
sure fluctuated widely under observation. The 
basal level, therefore, may well have been normal 
in this case. 

In all the cases of acute myocardial infarction 
in which the digital blood flow was decreased, 
the brachial and digital blood pressures were 


below the level of the previous blood pressures 
and below the level to be expected from that of 
the vascular resistance. Many of these blood 
pressures, however, at face value, appeared nor- 
mal. It is apparent, therefore, that the decrease 
in blood flow was proportional to the decrease in 
blood pressure, the vascular resistance remaining 
essentially unchanged. In those cases, on the 
other hand, in which the digital blood flow was 
normal (doubtful and old cases), the brachial an 
digital blood pressure levels were in accord witi 
previous blood pressure levels and with the vas 
cular resistances. 

COMMENT 

Discussion of methods 

Many attempts have been made to measure the 
peripheral resistance in normal subjects and in pn 
tients with hypertension. These studies have 
been of two main varieties. In the first, the gen 
eral systemic peripheral resistance is calculate 
from the left ventricular output and the brae Ja 
arterial blood pressure; whereas in the secon , 
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the local vascular resistance in a part of the sys- 
temic circulation, such as the forearm or hand, is 
calculated from the hlood pressure in the local 
arterj- and the hlood flow per unit of tissue. 

Calculation of tlie general systemic vascular re- 
sistance from the cardiac output and the aortic 
blood pressure depends upon accurate measure- 
ment. The relatively accurate Pick (10) and 
acetjdene (11) methods are time-consuming and 
too disturbing for use in seriously ill patients. 
The more indirect metliods, such as the ballisto- 
cardiographic technique (12) and the methods of 
Boger and Wezler (4) and of Eazett, Cotton, 
Laplace and Scott (5), are fairly accurate when 
applied to normal subjects but introduce consid- 
erable error, especially in the abnormal patient. 
The use of the brachial arterial blood pressure to 
indicate pressure in the ascending aorta may also 
introduce some error, especially in the presence of 
circulatory disturbances. In addition, as pointed 
out by Wiggers (13), the measurement of sys- 
temic %’ascular resistance by these techniques in- 
cludes the variable of resistance in the large ar- 
teries as well as the more important variable of 
arteriolar resistance. Although it is true that it 
is the total peripheral resistance which determines 
the level of the blood pressure rather than the 
resistance in the terminal arterioles alone, changes 
m the latter are agreed to be of more fundamental 
importance in hypertension and might therefore be 
better measured separately. 

The methods hitherto employed to measure 
local blood flow, blood pressure, and vascular re- 
sistance have also been unsatisfactory. One of 
the methods ordinarily used to measure blood flow 
quantitatively is the plethysmographic. The most 
important difficulty encountered with this method 
has been the enormously -wide normal range of 
variation in blood flow per unit of tissue. In the 
plethysmographic studies of Prinzmetal and Wil- 
son (14), this range was particularly wde since 
these authors did not take the precaution of shut- 
ting off the more labile circulation of the hand 
(15). The normal resting blood flow varied 
from 1.75 to 7.0 cc. per 100 cc. of tissue per 
minute ; whereas, after release of sympathetic tone 
by body wanning, it varied from 2.3 to 10.1 cc. 
per 100 cc. per minute. Abramson (16) took 
the precaution of excluding hand blood flow but 
measured only the resting blood flow, and con- 


cluded that it was greater in patients with hyper- 
tension than in normal subjects. The normal 
range of variation was from 0.9 to 3.3 cc. per 100 
cc. per minute, and in hypertension from 1.4 to 
4.0 cc. per 100 cc. per minute. The wide normal 
range of variation in resting blood flow, due, at 
least in part, to variations in vasomotor nerve 
tone, makes it very difficult to evaluate deviations 
from the normal because of overlapping. Wilkins 
and Eichna (17) found a normal range of from 
2.3 to 7.0 cc. per 100 cc. per minute, even after 
taking the precaution of warming the body and 
of measuring only forearm blood flow by shutting 
off the circulation to the hand. In the foot. Stead 
and Kunkel (18) found the normal range to be 
from 14.0 to 34.0 cc. per 100 cc. per minute after 
vasodilatation by body warming and local heat. 
These wide normal ranges of variation are prob- 
ably attributable to the limitations of the Hewlett 
and van Zwaluwenburg technique (19) of meas- 
uring blood flow plethysmographically after 
venous occlusion. The possible sources of error 
are incomplete venous obstruction because of 
venous flow through the bones, and variable pro- 
portion of bone to muscle and sldn mass. In 
addition, the rising venous pressure after venous 
obstruction produces a progressively smaller ef- 
fective mean arterial pressure even in the presence 
of an unchanging brachial arterial blood pressure. 
Since it is extremely difficult technically to meas- 
ure this effect, another variable error is intro- 
duced, especially if vascular resistance is to be 
measured. Similar objections can be made to the 
digital plethysmograph (20) except that the tech- 
nical difficulties here are even more formidable. 

Pickering (21) considered heat elimination in 
the hand calorimeter to be proportional to blood 
flow, but also foimd a ■wide normal range of -vari- 
ation even after body warming. The most im- 
portant sources of error in the hand calorimeter 
are the discrepancy between venous blood tem- 
perature and calorimeter temperature (22), and 
the use of volume instead of surface for tissue 
units (23). 

In the finger tip calorimeter the variation be- 
tween actual venous blood temperature and calo- 
rimeter temperature is minimal (1), probably be- 
cause almost the entire blood flow is through the 
surface vessels. The ease of measuring the sur- 
face of the finger tip and the expression of the 
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digital blood flow in terms of surface rather than 
volume also eliminate an important source of er- 
ror. With this method, therefore, the normal 
range of variation in blood flow (0.23 to 0.34 cc. 
per sq. cm. per minute) is much narrower than 
with any of the other methods. The blood pres- 
sure to the terminal digit, moreover, can be meas- 
ured directly and need not be inferred from the 
brachial blood pressure. In addition, there are 
no abnormal constrictions and the effective mean 


pressure can be calculated from the arterial pres- 
sure and the normal or abnormal venous pressure. 

The digital calorimetric method for measuring 
blood flow, together with all local methods, has 
the disadvantage of measuring the status of a 
small portion of the systemic circulation rather 
than that of the circulation in general. The re- 
sults are therefore difficult to interpret in the pres- 
ence of conditions affecting the local circulation, 
such as scleroderma or clubbing. Another disad- 
vantage is the measurement of the circulation un- 
der unusual conditions, namely, after vasodilata- 
tion by body warming. Normal digital blood flow, 
however, is defined by measurement under the 
same circumstances, and since the normal range 
of variation in blood flow is narrowed extremely 
by preliminary body warming, this procedure be- 
comes indispensable for interpreting deviations 
from the normal. Without it, the overlapping of 
the normal range by the abnormal would make it 
impossible to distinguish one from the other. It 
is sufficient, therefore, for comparative purposes if 
the digital circulation studied in this way mirrors 
the systemic circulation in general, which, in the 
absence of local disease of the fingers, we have 


reason to believe it does. 

D\scnssion of results 

It can be seen\from Table II that after vaso- 
dilatation by bodA warming, the digital circulation 
of patients with heurogenic elevations of blood 
pressure is indistinguishable from that of normal 
subjects. In fact, 'it is probable that these pa- 
tients are entirely nWmal, except for a tendency 
to neurogenic vasocoVistriction in response to cer- 
tain stimuli. By meaWring the digital circulation 
after body warming, i\is possible to distinguish a 
neurogenic and probaW transient elevation of 
blood Vessure from d^e which is fixed. Since 


neurogenic vasoconstriction may also be obserc! t 
in cases of true essential or renal hypertensb; I 
study of the digital circulation in these cas 
makes it possible to determine how much of fe 
elevation of blood pressure is neurogenic and te 
much is fixed. 

It is difficult to draw definite conclusions ta 
the small number of observations made in aciifi 
glomerulonephritis and in early essential hypti- 
tension. The decrease in blood flow found ia 
these cases, however, is evidence in favor of tlis 
view that an increase in fixed resistance is tb 
primary process in these diseases. Hypertrophy 
of the heart may lag behind and eventually cause 
a further rise in blood pressure and a restoration 
of the blood flow to within normal limits in tlii 
more advanced stages of essential or renal hypw 
tension. In the malignant phase, the hypei 
trophied heart can probably no longer keep pac 
with the further increase in resistance by equivE 
lent elevation of the blood pressure, and the bloo 
flow again decreases. It is apparent, therefor 
that only in established essential or renal hype 
tension is the blood pressure an adequate index i 
the peripheral resistance. In the acute or mabj 
nant phase, the actual resistance may be consr 
erably greater than is indicated by the blood pre 
sure level. It should also be noted that the v. 
crease in fixed resistance in acute glomerul 
nephritis is reversible. 

From Table III, it is apparent that a decreasf 
digital blood flow is a consistent finding in the fir 
six weeks after a coronary occlusion. This ph 
nomenon was observed in several cases in whic 
the electrocardiograms were equivocal, althoug 
the clinical course was characteristic of coronal 
occlusion. In the doubtful cases, in which bo1 
the clinical course was atypical and the electr* 
cardiograms inconclusive, it is probable that tl 
demonstration of a decreased digital blood flow n 
dicated the presence of an acute my^ocardial n 
farct. 

Since it is possible, on the other hand, for tl 
blood flow to be within normal limits in an occi 
sional case of acute coronary occlusion, the demoi 
stration of a normal digital blood flow cannot 1 
considered absolute evidence of the absence c 
acute myocardial infarction. In addition, a d< 
crease in digital blood flow is demonstrable onl 
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' .the first six weeks, or perhaps in some cases, 

• V months after tlie onset of the acute occlusion ; 

• in cases studied several months or more after 
2 acute coronarj- thrombosis, the digital blood 
~ tw was within normal limits. It should also be 
)inted out that a decrease in digital blood flow 
- not pathognomonic of coronary occlusion. Sucli 
-2creases occur in acute and malignant hj^perten- 
;.on, in -various peripheral vascular diseases and 
Iso in s}’stemic conditions associated with shock. 

, itudies of the digital circulation alone in such 
. ases would be difficult to interpret, although they 
night render v-aluable information, especially if 
concomitant measurements of blood volume and 
other aspects of the circulation were made. The 
.demonstration of decreased digital blood flow can 
,be helpful, however, in the differentiation of a 
. genuine case of coronarj’ thrombosis from angina 
. pectoris. 

The correlation between the digital vascular 
resistance as measured after acute coronary oc- 
clusion and the antecedent blood pressure level 
makes it possible to determine the presence or 
absence of preexisting hypertension. The deter- 
mination of the digital vascular resistance thus 
offers a method of measuring the extent of the 
fundamental vascular abnormality in hypertension, 
even when complicating factors have reduced the 
blood pressure. 

From these studies, the probable mechanism of 
the circulatory changes produced by an acute 
coronary occlusion may be visuabzed as follows: 
A decrease in myocardial contractile force is pro- 
duced by the infarction. This operates against 
an unchanged vascular resistance or a resistance 
increased by compensatory vasoconstriction to 
bring about a decrease in arterial blood pressure. 
The decrease in arterial blood pressure is not, in 
other words, caused by a decrease in resistance, 
but largely by a decrease in the cardiac driving 
force. The decrease in arterial blood pressure, 
together with such compensatory vasoconstriction 
as takes place, causes a decrease in systemic blood 
flow, venous return, and cardiac output. This 
produces a further decrease in blood pressure. 
The process, therefore, is probably one of pro- 
gressive deceleration of the circulation, ultimately 
balanced at a lower equilibrium by those forces 
which tend to keep the blood flow normal. 


SUMMARY AND CONCLUSIONS 

1. Methods for calculating the digital blood 
flow from calorimetric observations have been 
modified and a method developed for calculating 
digital vascular resistance. 

2. After vasodilatation produced by warming 
the body, normal digital blood pressure, blood 
flow, and vascular resistance were found in pa- 
tients with neurogenic elevations of blood pres- 
sure. A consistent increase in digital vascular 
resistance and a normal digital blood flow were 
demonstrated in established essential or renal 
hypertension. In acute and in malignant hyper- 
tension, the digital blood flow may be decreased, 
and the vascular resistance increased out of pro- 
portion to the elevation in blood pressure. 

3. Decrease in digital blood flow and blood 
pressure, and unchanged vascular resistance were 
demonstrated in cases of acute coronary occlusion, 
whether the antecedent blood pressure was normal 
or elevated. 

This opportunity is taken of acknowledging the co- 
operation of Drs. B. S. Oppenheimer, G. Baehr, E. Mosch- 
cowitz, and E. P. Boas in making these cases available 
for study, and of Dr. A. M. Master, in whose department 
some of these studies were carried out. 
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digital blood flow in terms of surface rather than 
volume also eliminate an important source of er- 
ror. With this method, therefore, the normal 
range of variation in blood flow (0.23 to 0.34 cc. 
per sq. cm. per minute) is much narrower than 
with any of the other methods. The blood pres- 
sure to the terminal digit, moreover, can be meas- 
ured directly and need not be inferred from the 
brachial blood pressure. In addition, there are 
no abnormal constrictions and the effective mean 
pressure can be calculated from the arterial pres- 
sure and the normal or abnormal venous pressure. 

The digital calorimetric method for measuring 
blood flow, together with all local methods, has 
the disadvantage of measuring the status of a 
small portion of the systemic circulation rather 
than that of the circulation in general. The re- 
sults are therefore difffcult to interpret in the pres- 
ence of conditions affecting the local circulation, 
such as scleroderma or clubbing. Another disad- 
vantage is the measurement of the circulation un- 
der unusual conditions, namely, after vasodilata- 
tion by body warming. Normal digital blood flow, 
however, is defined by measurement under the 
same circumstances, and since the normal range 
of variation in blood flow is narrowed extremely 
by preliminary body warming, this procedure be- 
comes indispensable for interpreting deviations 
from the normal. Without it, the overlapping of 
the normal range by the abnormal would make it 
impossible to distinguish one from the other. It 
is sufficient, therefore, for comparative purposes if 
the digital circulation studied in this way mirrors 
the systemic circulation in general, which, in the 
absence of local disease of the fingers, we have 
reason to believe it does. 

Discussion of results 

It can be seem from Table II that after vaso- 
dilatation by bod}q warming, the digital circulation 
of patients with neurogenic elevations of blood 
pressure is indistinguishable from that of normal 
subjects. In fact, ut is probable that these pa- 
tients are entirely raormal, except for a tendency 
to neurogenic vasocomstrictioii in response to cer- 
tain stimuli. By measuring the digital circulation 
after body warming, ill: is possible to distinguish a 
neurogenic and probaYbly transient elevation of 
blood pressure from ovne which is fixed. Since 


neurogenic vasoconstriction may also beokenti 
in cases of true essential or renal hypertensia 
study of the digital circulation in these ca« 
makes it possible to determine how muchoifc tirat 
elevation of blood pressure is neurogenic and k 
much is fixed. 

It is difficult to draw definite conclusions fe 
the small number of observations made in acii'i 
glomerulonephritis and in early essential hj^pei- 
tension. The decrease in blood flow found is 
these cases, however, is evidence in favor oife 
view that an increase in fixed resistance is fe 
primary process in these diseases. Hypertropb ej 
of the heart may lag behind and eventually cau:t t® 
a further rise in blood pressure and a restoration 
of the blood flow to within normal limits in fe j 
more advanced stages of essential or renal hypw 
tension. In the malignant phase, the hypes 
trophied heart can probably no longer keep pa® 
with the further increase in resistance by equu'a 
lent elevation of the blood pressure, and the bloo 
flow again decreases. It is apparent, therefore, 
that only in established essential or renal hypes 
tension is the blood pressure an adequate index 
the peripheral resistance. In the acute or ma ig 
nant phase, the actual resistance may be consi ^ 
erably greater than is indicated by the blood pre®^ 
sure level. It should also be noted that tie m 
crease in fixed resistance in acute glomeruo 

nephritis is reversible. , 

From Table III, it is apparent that a decrease 
digital blood flow is a consistent finding in t le s'S 
six weeks after a coronary occlusion. This pr^ 
nomenon was observed in several cases in w u ^ 
the electrocardiograms were equivocal, altioug 
the clinical course was characteristic of . 

occlusion. In the doubtful cases, in whic o 
the clinical course was atypical and the e ec 
cardiograms inconclusive, it is probable t a 
demonstration of a decreased digital blood ow 
dicated the presence of an acute myocardia 

, f r the 

Since it is possible, on the other hand, o 
blood flow to be within normal limits in an occ^^ 
sional case of acute coronary occlusion, the denjo 
stration of a normal digital blood flow canno 
considered absolute evidence of 
acute myocardial infarction. In addition, a 
crease in digital blood flow is demonstra e 
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; in the first six weeks, or perhaps in some cases, 
•few months after the onset of the acute occlusion ; 
r for in cases studied several months or more after 
- the acute coronarj' thrombosis, the digital blood 
flow was within nonnal limits. It should also be 
pointed out that a decrease in digital blood flow 
. is not pathognomonic of coronary occlusion. Such 
-decreases occur in acute and malignant hyperten- 
..sion, in various peripheral vascular diseases and 
also in sj'stemic conditions associated with shock. 
...Studies of the digital circulation alone in such 
. cases would be difficult to interpret, although they 
might render valuable information, especially if 
^ concomitant measurements of blood volume and 
other aspects of the circulation were made. The 
demonstration of decreased digital blood flow can 
,be helpful, however, in the differentiation of a 
' .genuine case of coronary thrombosis from angina 
pectoris. 

The correlation betrveen the digital vascular 
resistance as measured after acute coronary oc- 
clusion and the antecedent blood pressure level 

■ ■ makes it possible to determine tlie presence or 
• absence of preexisting hypertension. The deter- 

■ mination of the digital vascular resistance thus 
offers a method of measuring the extent of the 

■ • fundamental vascular abnormality in hypertension, 
■ even when complicating factors have reduced the 

blood pressure. 

From these studies, the probable mechanism of 
the circulatory changes produced by an acute 
'i- coronary occlusion may be visualized as follows: 
A decrease in myocardial contractile force is pro- 
duced by the infarction. This operates against 
an imchanged vascular resistance or a resistance 
increased by compensatory vasoconstriction to 
bring about a decrease in arterial blood pressure. 
. ; The decrease in arterial blood pressure is not, in 

■ y- other words, caused by a decrease in resistance, 

but largely by a decrease in the cardiac driving 
force. The decrease in arterial blood pressure, 
together -with such compensatory -vasoconstriction 
as takes place, causes a decrease in systemic blood 
flow, venous return, and cardiac output. This 
produces a further decrease in blood pressure. 
y,' The process, therefore, is probably one of pro- 
gressive deceleration of the circulation, ultimately 
•^1 balanced at a lower equilibrium by those forces 
which tend to keep the blood flow normal. 


SUMMARY AND CONCLUSIONS 

1. Methods for calculating the digital blood 
flow from calorimetric observations have been 
modified and a method developed for calculating 
digital vascular resistance. 

2. After vasodilatation produced by warming 
the body, normal digital blood pressure, blood 
flow', and vascular resistance were found in pa- 
tients with neurogenic elevations of blood pres- 
sure. A consistent increase in digital vascular 
resistance and a nonnal digital blood flow were 
demonstrated in established essential or renal 
hypertension. In acute and in malignant hyper- 
tension, the digital blood flow may be decreased, 
and the vascular resistance increased out of pro- 
portion to the elevation in blood pressure. 

3. Decrease in digital blood flow and blood 
pressure, and unchanged -vascular resistance were 
demonstrated in cases of acute coronary occlusion, 
whether the antecedent blood pressure was normal 
or elevated. 

This opportunity is taken of acknowledging the co- 
operation of Drs. B. S. Oppenheimer, G. Baehr, E. Mosch- 
cowitz, and E. P. Boas in making these cases available 
for study, and of Dr. A. M. Master, in whose department 
some of these studies were carried out 
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THE DIGITAL CIRCULATION IN PERIPHERAL VASCULAR DISEASES 
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In a previous communication (1), methods 
were described for studying the digital blood flow, 
blood pressure, and vascular resistance in normal 
subjects and in patients with hypertension and 
coronary tlirombosis. These methods have been 
applied to the investigation of Rajmaud's syn- 
drome, scleroderma, and thrombo-angiitis ob- 
literans involving the upper extremities. 

RESULTS 

The results are presented in Table I. In three 
cases of typical Raj-naud’s disease, one of less than 
one year’s duration, and the others of less than 


extreme decrease in digital blood flow to approxi- 
mately four per cent of the normal, with a corre- 
spondingly extreme increase in digital vascular 
resistance to the height of 1740 units (normal 
63 to 96 units). The digital arterial blood pre- 
sure was somewhat low and the brachial-digital 
arterial pressure gradient moderately increased. 

Seven cases of scleroderma were studied. In 
one case (C. R.) only the neck, chest, face, and 
legs were involved, there being no perceptible 
sclerodactyly. In this case, the digital blood flow 
was at the lower limit and the digital vascular 
resistance at the upper limit of normal. In the 


TABLE I 

Peripheral vascular diseases 


After body warming 


Patient 

Age and eei 

Diagnosis 

I>uration 

Brachial 

blood 

pressure 

Digital 

blood 

pressure 

Digital 

blood 

flow 

Digital 

vascular 

resistance 

R. N. 

52 F 

Raynaud's disease 

Raynaud's disease 

Raynaud's disease 

2 years 

mm, Bg 

128/75 

mm. Bg 

110/66 

cc. per 
sq, cm. per 
minute 

0.22 

units 

112 

P. B. 

23F 

2 years 

112/78 

110/65 

0.20 

123 

R. B. 

46 F 

Lws than 

122/82 

110/68 

0.19 

132 

F. S. 

45 M 

Raynaud's syndrome; secondary 
sclerodactyly 

Scleroderma; no sclerodactyly 

1 year 

7 years 

116/84 

74/54? 

0.01 

1740 

C. R. 

39 F 

? 

102/72 

96/68 

0.23 

99 

J. S. 

49 F 

Scleroderma; essential hyperten- 

? 

198/118 

182/90 

0.14 

279 

F. U. 

37 F 

sion 

Scleroderma 

6 months 

neiss 


0.19 

126 

L. E. 

51 F 

Scleroderma 

9 years? 

125/65 

110/45 

0.14 

153 

D. C. 

43 F 

Scleroderma 

5 years 

94/58 

68/55 

0.09 

186 

H. T. 

56 M 

Scleroderma 

5 years 

120/90 

90/65 

0.02 

1080 

E. S. 

48 F 

Scleroderma 

13 years 

112/74 

58/48 

0.03 

470 

I. S. 

33 M 

Thrombo-angiitis obliterans 

3 years 

120/82 

35/25? 

0.13 

54 

W. D. 

32 M 

Thrombo-angiitis obliterans 

3 years 

128/88 

65/54 

0.15 

105 


two, the digital blood flow was below the lower 
limit of normal, and the digital vascular resistance 
definitely elevated in each case. The digital blood 
pressures and the brachial-digital pressure gradi- 
ents, on the other hand, were normal. In a case 
of Raynaud’s syndrome of seven years’ duration 
m a male, with secondary sclerodactyly and in- 
cipient necrosis of the finger tips, there was an 


other six cases, in which the scleroderma was ac- 
companied by sclerodactyly, there was a uniform 
decrease in digital blood flow and an increase in 
digital vascular resistance. The extent of these 
changes was roughly proportional to the duration 
of the disease. In the two most advanced cases, 
there was also a moderate decrease in digital ar- 
terial pressure and a corresponding increase in 
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the brachial-digital arterial pressure gradient. In 
one of the cases of scleroderma' and sclerodactyly, 
there was associated essential hypertension which 
was not in the acute or malignant stage. The 
digital blood flow in this case, however, was de- 
creased, and the vascular resistance was elevated 
beyond the level commensurate with the degree of 
hypertension (1). 

In two cases of thrombo-angiitis obliterans with 
upper extremity involvement, the digital arterial 
blood pressure was very low in both. There was 
a corresponding pronounced increase in the 
brachial-digital arterial pressure gradient. The 
digital blood flow in each case was decreased in 
proportion to the decrease in digital arterial pres- 
sure, the digital vascular resistance being compara- 
tively normal. There were no changes in digital 
vascular resistance in any way comparable to those 
found in Raynaud’s disease or scleroderma. 

DISCUSSION 

In these investigations, the circulation in the 
finger tip was studied after release of sympathetic 
tone by immersion of the contralateral upper ex- 
tremity in a water bath, kept between forty-three 
and forty-five degrees Centigrade, and stirred 
until generalized sweating was well advanced. At 
this stage of vasodilatation Lewis and Pickering 
(2) were unable to effect any significant increase 
in the temperature of the fifth finger by novocaine 
injection of the ulnar nerve. The effect of body 
warming in releasing sympathetic vasoconstrictor 
nerve tone has also been shown to be operative 
in cases of Raynaud’s disease and scleroderma (3, 
4). Our results, therefore, represent the fixed 
irreversible changes in the digital circulation un- 
affected by fluctuations in vasoconstrictor nerve 
tone. 

The decreased blood flow and increased vasc- 
ular resistance in early Raynaud’s disease indi- 
cates that some organic obstruction of the small 
blood vessels may occur very early in the course 
of the disease. The acute attacks, then, are pro- 
duced by functional reversible vasoconstriction, 
superimposed upon whatever organic obstruction 
is present. In the more advanced stages of Ray- 
naud’s disease, secondaiy sclerodactyly con- 
tributes to the further organic constriction of the 
vascular bed. 


In scleroderma, there may be little if any change 
in the digital circulation in the absence of sclero- 
dactyly. In most cases, however, there is a de- 
crease in digital blood flow and an increase in 
resistance very early in the course of the disease. 
In fact, the diagnosis may be established in doubt- 
ful cases by demonstrating these changes in the 
digital circulation. In the very advanced stages, 
the tight skin may compress the main digital ar- 
teries themselves (5, 6) and thus produce some 
decrease in digital arterial pressure and therefore 
an increased brachial-digital arterial pressure 
gradient. It is impossible to determine from 
these investigations to what extent the obstruction 
of the blood vessels in scleroderma is intravascular 
or extravascular. 

In thrombo-angiitis obliterans, the decrease in 
digital .blood flow was attributable entirely to the 
decrease in digital arterial pressure, the resistance 
of the smaller blood vessels being unaffected. 
The extreme increase in the brachial-digital ar- 
terial pressure gradient in these cases was prob- 
ably caused by vascular obstruction confined to 
the larger arteries. 

SUMMARY AND CONCLUSIONS 

1. The digital circulation was studied in Ray- 
naud’s syndrome, scleroderma, and thrombo- 
angiitis obliterans. 

2. In Raynaud’s disease and in scleroderma, the 
digital blood flow is usually decreased and the 
digital vascular resistance increased. In thrombo- 
angiitis obliterans, the digital blood flow is de- 
creased because of a decrease in digital arterial 
blood pressure, the digital vascular resistance re- 
maining comparatively unchanged. 

3. Study of the digital circulation may be use- 
ful as an aid in diagnosis and prognosis, and as 
an index of the effect of therapy in peripheral 
vascular diseases involving the upper extremities. 

This opportunity is taken of acknowledging the co- 
operation of Drs. G. Baehr, E. Moschcowitz, E. P. Boas, 
and S, Silbert in making these cases available for study. 
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Measurement of blood flow in the intact human 
gut is desirable, not only because of its signifi- 
cance in physiological and pharmacological prob- 
lems, but also because circulator}' changes may 
be implicated in the mechanism of peptic ulcera- 
tion. Studies on intestinal blood flow involving 
extensive surgical procedures with cannulation of 
arteries and veins have been carried out on ani- 
mals (1 to 6), but the observations for the most 
part are contradictory, and, at best, deductions 
derived from them cannot be applied directly to 
human conditions. In other studies, inferences 
about the intestinal blood flow have been drawn 
from direct inspection of changes in calibre of 
the serosal vessels (7) and changes in color of 
the mucosa (8, 9). 

METHOD PREVIOUSLY DESCRIBED 

Recently, we reported a method of measuring and re- 
cording mucosal blood flow in man. This required of the 
subject only that he swallow a duodenal tube with a small 
balloon attached (10). On the surface of this balloon 
was mounted the measuring element consisting of a silver 
button with a heating coil and a thermocouple. The but- 
ton was applied to the mucosa by inflating the balloon 
with air to a pressure of about 15 to 20 mm. Hg, and the 
reference couple was maintained at body temperature. 
When in place, the button was heated about 2° C. above 
body temperature by connecting the heating coil to a 
source of constant current. Under these conditions, the 
actual temperature of the button varied according to the 
amount of heat lost by conduction to the blood flowing 
past it 

Two possible sources of error in the use of this ap- 
paratus were: (1) A change in area of the button ac- 
tually in contact with the mucosa; and (2) movement of 
^e button to a new position on the mucosa. In the first 
instance, the area of contact would affect the temperature 

J^This investigation has been aided by a grant from 
f c Josiah Macy, Jr. Foundation. 

Rational Research Council Fellow in the Medical Sci- 
ences. 


of the button, and no method was available to distinguish 
between this effect and a change in blood flow. The sec- 
ond possibilitj' of error was due to the fact that the tem- 
perature of the button was above that of the body and 
hence the tissue directly beneath it was warmer than the 
surrounding area. Therefore, any shift to an unheated 
area would cool the button until equilibrium was reestab- 
lished. This effect W'as impossible to distinguish from a 
change in contact area or a change in blood flow. 

PRESENT METHOD 

After trying several methods of circumventing these 
difficulties, the silver button was finally discarded in favor 
of the arrangement here described (Figure 1). A bal- 
loon, about 8 cm. in length and 2.5 cm. in its greatest 
diameter, has moulded into its wall 6 constantan-copper 
thermocouples equally spaced around its greatest circum- 
ference. The duodenal tube passes through the center of 
the balloon and on this tube is wound the heating coil with 
the reference thermocouples beneath it The temperature 
of the heater is raised about 10° C. above that of the 
body and heat is radiated to the whole surface of the 
balloon. Consequently, all the tissue in contact with it 
is warmed slightly above body temperature. 

With this instrument the errors previously encountered 
are minimized: (1) Since measurement is made at 6 
points on the surface of the balloon and the couples are 
in series, the average temperature gradient between the 
heater and the balloon wall is recorded and the area of 
contact is less important; (2) since a much greater area 
of tissue is warmed than is actually used, considerable 
movement along the mucosa is possible without disturbing 
equilibrium at the points from which measurement is 
being made. 

The apparatus was used with the subject in a fasting 
state to minimize the cooling effect which might be pro- 
duced by the flow of intestinal contents past the balloon. 
To determine w'hether this factor could account for any 
of the observed results, a special balloon was constructed 
which was provided with a by-pass. Since experiments 
w'ith this balloon gave identical results, it was assumed 
that this possible source of error was negligible. 

It is important to note that this device measures the 
flow of blood past the balloon and not the amount of 
blood in the tissues. A decreased flow would be regis- 
tered from a mucosa engorged with blood, if stasis and 
congestion were present. 
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RECORDING 

Leads from the heater winding (which is about 100 
ohms) are brought out through the tube and connected to 
a 10 : 1 stepdown transformer whose primary is operated 
from the 110 volt line through a variable autotransformer. 
The thermocouple leads are connected to the galvanometer 
through an attenuator (omitted from Figure 1) and with 
a S ohm resistor in series for the potentiometer (circuit 
shown in Figure 2). This is necessary because the out- 
put of the thermopile without this balancing device is too 
great for the galvanometer. The light from the gal- 
vanometer mirror is focussed on a phototube so that 


changes in temperature of the thermocouples vary the 
illumination of the phototube. The current through the 
tube is then amplified and fed into the solenoid whose 
movable core carries the writing point. The amplifier 
circuit is shown in Figure 3. 

An identical amplifier and recording device is used to 
record contractions by connecting the tube from the bal- 
loon to a Hg manometer, one side of which is placed 
between a light source and a phototube so that variations 
in the Hg column vary the illumination of this phototube. 

Thus there is obtained a continuous record of tempera- 
ture changes (corresponding to changes in blood flow) 
and of pressure changes (i.e., contractions of the gut). 



Fig. 2. Detail of Potentiometer Circuit 
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Fig. 3. Detail of Amplifier Circuit (designed by Wm. A. Geohegan, M.D., Dept, of Anatomy, Cornell Univer- 
sity Medical College) 

Illumination of the photocell applies negative half-wave 60 cycle voltage to the grid of the first 6J5. After am- 
plification, this is rectified and applied as a negative bias on the grids of the two 6L6G’s, decreasing the current 
through the recording solenoid. Records published here show a rather large variation of recorder position with 
line voltage, manifested particularly by large spikes produced by line voltage surges. This was due largely to the 
fact that the phototube is operated on a steep portion of its characteristic, and the difficulty has been overcome by 
regulating the applied phototube voltage as shown above, with the 4005 CL neon lamp and its associated filter. 


OBSERVATIONS ON THE STOMACH 

1. Correlation of recorded blood flow with di- 
rect observation of color changes. With the bal- 
loon in place in the stomach observations were 
tnade on a subject with a large gastric fistula, 
whose gastric mucosa was readily accessible to 
view (9). While the blood flow was recorded, 
simultaneous observations of color changes in the 
mucosa were made. These changes were com- 
pared with a color scale ranging from 20 to 100, 
the higher reading indicating increased redness 
(9). As shown in Figure 4, a spontaneous in- 
crease in recorded blood flow was associated with 
an obvious reddening of the mucosa and decreased 
flow with paling. 

2. Effect of motility on blood flow. With each 
contraction of the stomach, there was a transitory 


acceleration of recorded blood flow and a coinci- 
dent blushing of the gastric mucosa. Strong sus- 
tained contractions or cramps of the stomach were 
found to be associated with an initial increase of 
blood flow, followed by prolonged decrease. This 
decrease was accompanied by cyanosis and was 
therefore probably due to stasis and congestion. 

3. Influence of histamine on blood flow (Fig- 
ure 5). The intramuscular injection of 0.5 mgm. 
of histamine phosphate was followed wthin 15 
minutes by a significant rise in blood flow which 
continued to increase up to 45 minutes after in- 
jection. With each gastric contraction, there was 
a further transitory wave-like acceleration of blood 
flow. One hour after injection the blood flow 
began to decrease and within 2 hours it had re- 
turned to its original base line. These changes 
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_ BLOOD FLOW 



TIME IN MINUTES 

Fig. 4. Spontaneous Changes in Recorded Blood Flow in the Stomach Correlated with Changes in the 

Color of the Mucous Membrane Noted on Direct Inspection 

The scale on the ordinate shows in centimeters the actual excursion of the recording needle from the base line with 
increase in blood flow. 


in recorded blood flow following histamine paral- 
leled the color changes of the gastric mucosa as 
ascertained by direct observation. 

4. Effect of amyl nitrite and nitroglycerin on 
blood flow. Amyl nitrite inhalation (1 cc.) and 

0.6 mgm. of nitroglycerin placed under the tongue 
were followed by a variety of circulatory changes. 
Usually within 1 to 2 minutes after administration 
of these agents the gastric mucosa had become 
more red and engorged. At such times a simul- 
taneous increase in blood flow occurred. At other 
times, especially with larger amounts of the ni- 
trites and a fall in blood pressure, the mucosa be- 
came slightly cyanotic and the recorded blood flow 
either remained unchanged or was diminished. 

OBSERVATIONS OF THE DUODENUM 

1. Effect of motility on blood flow. As in the 
stomach, eacli short contraction of the duodenum 
was accompanied by a transitor}" acceleration of 
recorded blood flow. This effect is illustrated 


in Figure 6. During phases of frequent contrac- 
tions, the base line is significantly higher than 
during quiescent phases. 

2. Response to appetizing stimuli. The sight 
and smell of, food in a hungry patient produced 
the effect on blood flow and motility which is 
shown in Figure 7 . With a steady base line in 
both tracings, food was presented at the arrow. 
Within less than, a half a minute strong contrac- 
tions started and within one and a half minutes 
the blood flow began to increase. The latter ef- 
fect lasted about 6 minutes, although the motility 
was altered for a longer period. Food which 
was not appetizing, on the other hand, evoked no 
such effects. Indeed, when actual distaste was 
encountered, a decrease in blood flow occurred. 
Figure 8 shows a sharp increase in blood flow 
and motility which occurred following a mere dis- 
cussion of appetizing foods. 

3. Changes associated with anxiety, tension and 
resentment. Feelings of anxiety, tension and re- 
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sentinent were evoked in one subject during an in- sonality study of this patient is presented else- 
terATCw which focussed upon experiences with a where (11). In Figure 9, an increase in hlood 
business partner, who had in the subject’s opinion flow is shown to be associated with this distressing 
betrayed and deceived him. A detailed per- emotional state. This graph was made by plot- 



o 15 33 45 60 75 so 105 

Fig. 5. Correlation of Color Chances and Changes in Recorded Blood Flow in the Gastric Mucosa 

After Histamine 

Note transitory blushing and increased blood flow accompanying each major contraction. The contractions are 
indicated diagrammatically as solid columns. The record of blood flow is represented diagrammatically. The scale 
on the ordinate shows in centimeters the actual excursion of the recording needle from the base line with increase 
in blood flow. 


^ BLOOD FLOW 


DUOD. CONTRACTIONS 

• f . p 'r-Tf-l-l •< y'”~rT<T‘|~p 

— I' I — r— 1 — 1—1 — I — r— I — I I I I , I - I I ■ I ■ I — I — I— T — I — — >— 
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Fig. 6. Correlation of Blood Flow with Contractions of the Wall of 

THE Duodenum 

The tracings of blood flow and motility are synchronous. 
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TIME IN MINUTES 

Fig. 7. Changes in Blood Flow and Motility Associated with the Sight and Smell of 

Appetizing Food 


DISCUSSION OF 

appetizing food 



DUOD. CONTRACTIONS 


APPETITE NOT T^OUTH , 
STIMULATED WATERS 


i " * I -— . , f 1 .,.,. , 

TIME IN MINUTES 

Fig. 8. Changes in Blood Flow and Motility Associated with the Discussion of 

Appetizing Food 

Note the absence oi changes with the sight and smell of unappetizing food. 


ting readings obtained directly from the galva- 
nometer and manometer at 5 second intervals. 

DISCUSSION 

Oianges in blood flow' in the gastric and duo- 
denal mucosae are here shown to occur under 
particular circumstances. 

The transient increase in blood flow accompany- 
ing contractions of the stomach or duodenum is 


probably due to the mechanical effect of squeezing 
the blood out of the muscularis into the mucosa. 
If the contractions occur frequently enough, they 
may cause a sustained increase in flow. How- 
ever, this factor alone cannot account for the large 
changes in flow shown in Figures 5, 7, 8, 9. It is 
probable for example that the increase with hista- 
mine is due to increased metabolic activity asso- 
ciated with hypersecretion, and the effect of the 
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IXTRODUCTIOX 

The clinical diftcrentiation of patients with ad- 
renal cortical Inperplasia and adrenal cortical 
carcinoma is often difficult because both of tliese 
lesions may give rise to a sj’mptom complex (1 
to 4) known as adrenal cortical virilism or as the 
adrenogenital S}‘ndrome.® The characteristics of 
the sjTidrome usuall}- are accelerated growth and 
skeletal maturation in cliildren, amenorrhea and 
lack of breast development in girls, and excessive 
development of masculine secondarj' sex charac- 
tenstics, acne, hirsutism, and increased muscula- 
ture in individuals of both sexes. Rarely, pa- 
tients •with carcinoma of the adrenal cortex show 
abnormal feminization instead of masculinization. 

The possibilit}' of differentiating hyperplasia 
from carcinoma by chemical measurements was 
suggested by investigators who isolated and iden- 
tified certain steroids in unusual quantities from 
the urine of patients with adrenal cortical carci- 
noma (5 to 10). The isolation and identification 
steroids, however, requires special fa- 
cilities which are not available in most clinical 
laboratories. On the other hand, relatively simple 
procedures are available for the fractionation and 
colorimetric assay of some of the urinary steroidal 
constituents (11). Preliminary observations have 
been reported from this laboratory on the clinical 
usefulness of urinary steroid assay in differential 
diagnosis (12). 

If the diagnosis is carcinoma of the adrenal cor- 
tex, surgical removal of the tumor is clearly the 
treatment of choice. Howev^er, surgical removal 
of a sigmficant amount of adrenal tissue does not 

Bead before the American Pediatric Sodet}’’, Skj-top, 
v^sylvania. May 2, 1942. 

This Work was aided by a grant from the Common- 
w«lth_Fund_of New York. 

_ This clinical entity is to be distinguished from Cush- 
'"S s syndrome which may also be associated with adrenal 
cortical dysfunction. 


appear to be of permanent benefit to patients with 
adrenal cortical hyperplasia (1, 3, 12, 13). On 
the other hand, suggestively beneficial effects have 
been obtained by the administration of estrogenic 
hormones to female patients with virilism associ- 
ated with adrenal cortical hyperplasia. Dorfman, 
Wilson and Peters (3) noted a temporarj' fall in 
the urinary excretion of male hormones (andro- 
gens) and a slight development of the breast tissue 
in one girl who received large quantities of one 
of the natural estrogens, estrone. Lisser (14) 
has also reported that a 17-year-old girl was 
feminized by injections of the synthetic estrogen, 
diethyl-stilbestrol. 

The present communication confirms and ex- 
tends our previous observ^ations (12) by reporting 
measurements of the pregnanediol and of the 
alpha and beta alcoholic, non-alcoholic, and total 
17-ketosteroid excretion per day of 12 patients 
with adrenal cortical hjperplasia and 3 patients 
with adrenal cortical carcinoma.^. Additional 
data are cited from the literature. The study also 
presents some observations on 2 girls and 1 boy 
with adrenal cortical hjperplasia, before and after 
the oral administration of diethyl stilbestrol. 

MATERIAL AND METHODS 

Of the 12 patients listed imder the diagnosis of adrenal 
cortical hj-perplasia (Figure 1), 11 were studied in this 
laboratory 5; Case 13 was reported by Fraser, Forbes, 
Albright, Sulkowitch and Reifenstein (15) ; Case 6 was 
investigated both in our laboratory (case 6b) and by 
Fraser et at. (case 6a). All presented the characteristic 
evidences of adrenal cortical •^'irilisin. In 7 of this group, 
the diagnosis ■was confirmed by surgical exploration; in 

^We are greatly indebted to the following physicians 
for urine samples and case summaries on the following 
cases reported here: Dr. F. Albright, Cases 13 and IS; 
Dr. H. Friedgood, Case 16; Dr. R. Ganz, Case 3; Dr. 
S. Werner, Cases 4, 5 and 12 ; Dr. G. Twomble>', Case 7 ; 
Dr. J. Warkanj-, Case I ; Dr. W. A, Reilly, Case 8. 

5 Detailed data relating to these patients are on file in 
this office. 
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INTRODUCTION 

Tlie clinical difterentiation of patients with ad- 
renal cortical hyperplasia and adrenal cortical 
carcinoma is often difficult because both of these 
lesions may give rise to a s3’mptom complex (1 
to 4) knotra as adrenal cortical virilism or as the 
adrenogenital sjTidrome.® The characteristics of 
tlie s}‘ndrome usually are accelerated growth and 
skeletal maturation in children, amenorrhea and 
lack of breast development in girls, and excessive 
dev'elopment of masculine secondary sex charac- 
teristics, acne, hirsutism, and increased muscula- 
ture in individuals of both sexes. Rarely, pa- 
tients with carcinoma of the adrenal cortex show 
abnormal feminization instead of masculinization. 

The possibility of differentiating h}T)erplasia 
from carcinoma by chemical measurements %vas 
suggested by investigators who isolated and iden- 
tified certain steroids in unusual quantities from 
the urine of patients with adrenal cortical carci- 
noma (5 to 10). The isolation and identification 
of urinary steroids, however, requires special fa- 
cilities which are not available in most clinical 
laboratories. On the other hand, relatively simple 
procedures are available for the fractionation and 
colorimetric assay of some of the urinary steroidal 
constituents (11). Preliminary observations have 
been reported from this laboratory on the clinical 
usefulness of urinary steroid assay in differential 
diagnosis (12). 

If the diagnosis is carcinoma of the adrenal cor- 
tex, surgical removal of the tumor is clearly the 
treatment of choice. However, surgical removal 
of a significant amount of adrenal tissue does not 

^ Read before the American Pediatric Society, Sk 3 ftop, 
Pennsylvania, May 2, 1942. 

- This work was aided by a grant from the Common- 
wealth Fund of New York. 

® This clinical entity is to be distinguished from Cush- 
mg s syndrome which may also be associated with adrenal 
cortical dysfunction. 


appear to be of permanent benefit to patients with 
adrenal cortical hyperplasia (1, 3, 12, 13). On 
the other hand, suggestively beneficial effects have 
been obtained by the administration of estrogenic 
hormones to female patients with virilism associ- 
ated with adrenal cortical hyperplasia. Dorfman, 
Wilson and Peters (3) noted a temporary fall in 
the urinary excretion of male hormones (andro- 
gens) and a slight development of the breast tissue 
in one girl who received large quantities of one 
of the natural estrogens, estrone. Lisser (14) 
has also reported that a 17-year-old girl was 
feminized by injections of the synthetic estrogen, 
diethyl-stilbestrol. 

The present communication confirms and ex- 
tends our previous observations (12) by reporting 
measurements of the pregnanediol and of the 
alpha and beta alcoholic, non-alcoholic, and total 
17-ketosteroid excretion per day of 12 patients 
with adrenal cortical hyperplasia and 3 patients 
with adrenal cortical carcinoma.*. Additional 
data are cited from the literature. The study also 
presents some observations on 2 girls and 1 boy 
with adrenal cortical hyperplasia, before and after 
the oral administration of diethyl stilbestrol. 

MATERIAL AND METHODS 

Of the 12 patients listed under the diagnosis of adrenal 
cortical hyperplasia (Figure 1), 11 were studied in this 
laboratory®; Case 13 was reported by Fraser, Forbes, 
Albright, Sulkowitch and Reifenstein (IS) ; Case 6 was 
investigated both in our laboratory (case 6&) and^ by 
Fraser el al. (case 6a). All presented the characteristic 
evidences of adrenal cortical virilism. In 7 of this group, 
the diagnosis was confirmed by surgical exploration; in 

* We are greatly indebted to the following physicians 
for urine samples and case summaries on the following 
cases reported here: Dr. F. Albright, Cases 13 and 15; 
Dr. H. Friedgood, Case 16; Dr. R. Ganz, Case 3; Dr. 
S. Werner, Cases 4, 5 and 12; Dr. G. Twombley, Case 7; 
Dr. J. Warkany, Case 1; Dr. W. A. Reilly, Case 8. 

® Detailed data relating to these patients are on file in 
this office. 
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Fig, 1. Total Urinary 17-Ketosteroid Output Per Day by Patients with Adrenal 
Cortical Hyperplasia (speckled columns) and with Adrenal Cortical Carcinoma 
(checkered columns) as Given by the Ordinate 

A black circle over a column indicates that the measurement was taken from the literature. 
Cases 6a and 12, reference IS; cases 13 and 17, reference 5; case 156, reference 10; case 18, 
reference 16; case 19, figure 4, reference 9. The semi-horizontal curve represents the approxi- 
mate upper limit of normal 17-ketosteroid output per day by normal individuals of the same 
or of an older age. 


the remainder, a presumptive diagnosis was made on the 
basis of the clinical findings and the prolonged course 
of the disease. 

Three of the 7 patients with adrenal cortical carcinoma 
(Figures 1 to 4) were studied in this laboratory.® Case 
IS was studied both in our laboratory and by Wolfe, 
Ficser and Friedgood (10). Urinary excretion data on 
the other 4 were taken from the literature (6, 7, 9, 16). 
Of these patients, S had signs and symptoms of adrenal 
cortical virilism. On the otlier hand, Cases 13 and 14 
had a different sjuidromc, commonly known as Cush- 
ing’s disease, which in these patients was associated with 
carminoma of the adrenal cortex. 

Estimations of the approximate upper limit of normal 

® Detailed data relating to these patients are on file in 
this office. 


urinary total 17-ketosteroid output are derived from over 
200 determinations, on 80 normal persons of both sexes 
ranging in age from a few hours to 45 years. The nor- 
mal values for the various 17-ketosteroid fractions repre- 
sent measurements made on 40 individual specimens, and 
on 7 pooled specimens, each one of which was made up 
to be representative of a different age group. The maxi- 
mum normal pregnanediol value is derived from 22 de- 
terminations made on males of different ages and on girls 
who had not reached the menarche. 

All determinations in this laboratory were made ac- 
cording to procedures described elsewhere (11, 17). With 
the exception of Case 18 the urinary excretion data on 
the carcinoma patients taken from the literature repre- 
sents values obtained by chemists who isolated and identi- 
fied the urinary steroids. 
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Fig. 2. Alpha-Alcohouc Ueinary 17-Ketosteroid Output Per Day 
The various sjmbols have the same significance as in Figure 1. 


RESULTS 

A. Daily urine excretion oj steroids 

Table I gives the data on the urines of abnormal 
subjects assayed in this laboratory. Figures 1 
to 5 present these data and those culled from the 
literature, together with the approximate upper 
limit of excretory values for normal subjects of 
corresponding age. Near the top of each figure 
IS a diagram describing the chemical structure of 
the substance or substances mentioned in the title 
of the figure. It will be noted that in Figure 1 the 
term, total 17-ketosteroids, includes steroids which 
possess a carbonyl group (ketone) at position 17 
(top right hand end of the steroid molecule). 
The 17-ketosteroids may be divided into alcoholic 
Rnd non-alcoholic substances. The alcoholic 17 - 
hetosteroids which have an hydroxyl group at po- 
sition 3 (lower left hand end of the molecule) are 
further subdivided into alpha- and beta-alcoholic 


steroids according to the spatial position of the 
hydroxyl group, which determines their precipita- 
bility by digitonin. The ordinate for each figure 
gives a scale of the milligrams of the designated 
steroid excreted per day. On certain of the urines 
from cancer patients the results are reported in 
terms of milligrams per liter The height of each 
column in the figures thus indicates the approxi- 
mate daily output of steroid by the patient whose 
case number is given along the abscissa. The col- 
umns for patients with the diagnosis of adrenal 
cortical hyperplasia are speckled; those for pa- 
tients with carcinoma of the adrenal cortex are 
checkered. A solid black circle over a column 
indicates that the value is taken from the litera- 
ture. The curve nmning upwards in a semi- 
horizontal direction from left to right, in Figures 
1 to 4, describes the approximate upper limit of 

~ Cases 15 and 19 are so reported. 
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mal boys excreted not more than 0.5 mgm. per 
day of apparent pregnanediol,® a portion of which 
may be interfering chromogens. Four of the 
patients with adrenal cortical hyperplasia excreted 
less than this amount of pregnanediol ; 5 excreted 
between 0.5 and 3.5 mgm. per day. The excretion 

8 Unpublished observations on non-pregnant females, 
who were having normal menstrual periods, show that 
these individuals excreted between zero and 10 mgm. of 
pregnanediol per day, depending upon the phase of the 
menstrual cycle. 


of pregnanediol by adrenal cortical hyperplasia 
patients thus appears to be variable. 

B. Observations on the spontaneous course and 
on the influence of tmilaferal adrenalec- 
tomy in children with adrenal 
coi'tical hyperplasia 

Serial measurements of the height and skeletal 
age ° and of the total urinary 17-ketosteroid out- 

® The height and skeletal ages were determined by re- 
ferring to normal standards giving the average age of 



Fig 6. Observations on the Height and Skeletal Ages and the Total Urinary 17-Ketosteroid Output 

OF 4 Children with Hyperplasia of the Adrenal Cortex 
C O is case 6b; R- R- 2; L. L. is case 9; and J. W. is case 10. The height age is represented by the 

black circles, the skeletal age by the crosses, and the 17— ketosteroids by the black columns. The diagonal dotted 
lines in cacli square show where the black circles and crosses would fall if the height and skeletal age of the pa- 
tient corresponded exactly to the chronological age. The arrows in the 2 lower squares indicate that an unilateral 
adrenalectomy was performed at that time. 
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A B 

Fig. 7, C.\se 9 (L. L.). Adre.val Cortical \'irilism 
Due to Hyperplasia or the Adrenal Cortex 

A. Patient at years, shortly before unilateral ad- 
cnacctomj. B. Patient at 111/9 vears. Note increase in 
size of testes. 

put per day of 4 children witli hyperplasia of the 
a renal cortex are plotted as ordinates against 
Heir chronological age as abscissae, in Figure 6. 
I ^ach patient are represented 

^k- circles connected b\' solid lines while the 
s "e etal ages are given by crosses connected by 
tro -en lines. The 45 degree diagonal dotted 
lues describe points where the height and skeletal 
gcs t\ould fall if they were exactly equal to their 
onological ages. The total 17-ketosteroid out- 
IS in dicated bt- the vertical black columns. 

dwdopmi tigp 


The arrow in the 2 lower squares indicates that 
an unilateral adrcnaicctoniv was performed at that 
time. 

The data of Figure 6 iiidicate that there was 
a progressive tendency for the skeletal age of 
these patients to be advanced beyond the chrono- 
logical age by 3 or more years and for the total 
urinary 17-kctosteroid output to reach higher 
levels as the patients grew older. The height age 
also tended to exceed the chronological age until 
clo.'-urc of tlic bone epiphyses at a skeletal age of 
ap])roximatcly 16 years interfered with further 
growth. The curves show that the operative re- 
moval of one adrenal gland in 2 patients (J- W. 
(Case 10) and L. L. (Case 9)) did not per- 
manently alter the precocious growth and devel- 
opment. Moreover, there was onl\- a temporary- 
drop in the total 17-ketosteroid output. Further- 
more. as shown in Figures 7A and B and SA, B 
and C. no regression in the masculine secondary- 
sex characters had become evident 2 or more years 
postoperatively. The left hand photographs (7 A, 
8.A) in these figures were taken just prior to the 
operation ; the photographs designated 7B, SB and 
C were made two or more years later. Xo breast 
development took place in the girl, and the clitoris 
of the girl and the penis of the boy failed to 
diminish in size. 

It is noteworthy that the testes of the boy pa- 
tient (Case 9, Figure 7) had been of normal size 
for his chronological age from the onset of his 
symptoms. Thus at approximately- 12 years of 
age. the testes, which had been small in compari- 
son to the abnormally- large penis, enlarged, with 
the result that he then closely- resembled a normal 
adolescent boy- in external appearance. 

C. Observafious on the effect of orally admiu- 
istered dicthyl-stilbestrol on patients icitli 
adrenal cortical hyperplasia 

Some of the physical changes obsen-ed in the 
girl patients. J. W. (Case 10) and C. O. (Case 
6), within 6 months after they had started to 
take 5 to 10 mgm. of diethyl-stilbestrol bv mouth 
daily, are depicted in Figures 8D and 9B.* There 
uas a definite and marked increase in mamman- 
gland tissue and in the size of the nipples. The 
nipples of the latter patient became deeply' pig- 
mented. The clitoris of each patient shrank in 
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A B C D 

Fig. S. Case 10 (J. W.). Adrenal Cortical Virilism Due to Hyperplasia of the Adrenal Cortex 
A. Patient at 8 years, shortly before unilateral adrenalectomy. B. Patient at years. C. Patient at 12-M 
years, immediately before oral dietbyl-stilbestrol tlierapj'. D. Patient 6 months after diethyl-stilbcstrol, in daily 
doses of 5 mgm., was started. Note breast and nipple development. 


size. The labia increased in size. There was no 
definite change in the hirsutism but the acne retro- 
gressed. Patient J. W. (Case 10) did not have 
any nausea or menstrual bleeding during the pe- 
riod when dietbyl-stilbestrol therapy alone was 
given. Furthermore, discontinuation of this ther- 
apy did not result in menstruation. However, 3 
days after a 10-day period during which she was 
given CO mgm. of anhydro-hydroxy-progesterone 
in addition to 5 mgm. of dietbyl-stilbestrol by 
mouth jier day, she had a 3-day period of men- 
strual flow. On the other hand, patient C. O, 

u' We are indebted to Dr. M. Gilbert of the Schering 
Corporation for a generous supply of this material. 


(Case 6), after receiving only diethyl-stilbestiol 
for a period of 3 months, had 2 periods of meii- 
strual bleeding, lasting 4 days each. The per- 
sonality of these girls also underwent an appaieiF 
change. Before therapy was started, these chil- 
dren were morose and reticent and gave the im- 
pression that they were self-conscious and tm- 
happjL At about the time that breast developme'^*^ 
first became evident, the}" became more efifectne 
individuals as evidenced by a more cheerful dis- 
position, a more self-confident demeanor, and, par- 
ticularly, an unexpected improvement in school 
work. 

During a control period of 3 or more d<i}S, 
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Fic. 9. Case 6 (C. O.). Adkexal Cortical Viril- 
Probably Due to Hyperplasia of the Adrenal 
Cortex 

A. Patient at 9 years, immediately before therapy. B. 
atient after 5 to 10 mgm. of diethyl-stilbestrol had been 
guen daily by mouth for 6 weeks. Note enlargement 
01 breasts and nipples with pigmentation of areolae of 
o'Pples. 

preceding the administration of diethyl-stilbestrol 
and at various intervals after the drug was started, 
urine samples representing 24-hour intervals of 
time were collected and assa 3 ’'ed for their total 
-ketosteroid content. The results obtained on 
the foregoing 2 girls and on a boy (R. P., Case 2) 
" It 1 adrenal cortical h 3 'perplasia are given in Fig- 
ure 10.^ The abscissa shows the time interr’als. 

le height of the solid black areas along the 
a depicts the milligrams per da 3 ' of dieth 3 'I- 

sti estrol, as given b 3 ' the stilbestrol ordinate 
-ca e. The height of the circles and crosses, con- 


nected In- the lines, gives the total 17-ketosteroid 
output per da\-. corresponding to the 17-ketosteroid 
ordinate scale. The double vertical line running 
through the initial (average control) 17-ketosteroid 
value given for each patient indicates the range of 
%-alues obtained during the control period. 

The figure shows that there is a tendenc 3 ’ for 
the total 17-ketosteroid output to diminish during 
jieriods when diethyl-stilbestrol is being given, and 
lor the level to rise when the therap 3 ' is discon- 
tinued. However, the changes in 17-ketosteroid 
levels are neither striking nor consistent. 

DISCLSSIOX 

The data jiresented indicate that quantitative 
analysis of sjiecific fractions of the urinary 17- 
ketosteroids reveals more striking differences be- 
tween patients with adrenal cortical h 3 -perplasia 
and adrenal cortical carcinoma than does assay of 
the total 17-ketosteroids alone. Whereas the pat- 
tern of the 17-ketosteroids e.vcreted by individuals 
with hr-perplasia of the gland corresponds roughly 
to the normal, the pattern observed for individuals 
with carcinoma of the adrenal cortex A-eers tvideh' 
from the normal. This abnormal pattern appears 
to be characteristic of carcinoma of the adrenal 
corte.x, whether associated with adrenaP cortical 
virilism or Cushing’s syndrome. Thus there ap- 
pears to be an alteration in biochemical function, 
corresponding to the differences in the cellular 
morphologA- of h 3 -perplastic and of carcinomatous 
adrenal cortices. The importance of these obser- 
vations in differential diagnosis is clear. 

The observations on the clinical progress of 
children with adrenal cortical hyperplasia raise 
questions of interest from the point of view of 
therap 3 -. The enlargement of the testes of the boy 
patient (Case 9) suggests that the precocious 
masculinization of h 3 -perplasia may not be a seri- 
ous complaint for bo 3 'S. If this gonadal growth 
and gradual transition from precocious A-irilism to 
seemingly' normal maturation is characteristic of 
male patients AA'ith the disease, it maA* explain the 
loAv recorded incidence of adrenal cortical virilism 
in adult males. HoAvcA'er, it is possible that the 
adrenal cortical androgens upset the normal pitui- 
tary-gonadal relationships, thereby causing a dis- 
turbance in gonadal function AA'hich has not as yet 
been recognized. 
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Fig. 10. Influence of Orally Administered Diethyl- Stilbestrol on Total Urinary 17-Ketosteroid Excretion 
Per Day by 3 Children with Hyperplasia of the Adrenal Cortex 

J. W. is case 10; C. O. is case 6b; and R. P. is case 2. The duration of therapy is given by the abscissa. The 
dosage of diethyl-stilbestrol is shown by the height of the solid sections at the bottom of the figure. The total 1/- 
ketosteroid output is given by the circles and crosses. The double vertical line at the left hand of each section 
indicates the range in 17-ketosteroid values during a control period. A solid line connecting the circles shows that 
diethyl-stilbestrol was being given; a broken line represents periods when it was not being given. 


On the other hand, the prognosis for girls with 
virilism clue to adrenal cortical hyperplasia is much 
less favorable. The tendency to masculinization 
persists and no normal feminine maturation takes 
place during the adolescent age period or later. 
Because the hyperplastic adrenal cortical tissue is 
hclieved to he the source of the excess androgenic 
hormones re.sponsihle for the masculinization in 
these jiatients. attempts to alleviate the condition 
hv partial adrenalectomy were logical. Unfor- 
tunately. however, subtotal adrenalectomy has not 
jiroved to be permanently effective. This finding 
suggests that the adrenal cortical hyperplasia and 
hvperactivity may not reflect a primary disease of 
the adrenal cortex, but may result from adrenal 
cortical stimulation by nervous or humoral agents 
such as jiituitary adrenocorticotropic hormones. 
Complete adrenalectomy is. of course, incompatible 


with life. This failure of surgical therapy led to 
the therapeutic trial of diethyl-stilbestrol, which is 
a potent, inexpensive, and apparentl}" non-toxic 
estrogen. It would appear that the drug is capable 
of transforming girls with the masculinization of 
adrenal cortical virilism into persons with pre- 
dominantly feminine characteristics. This is prob- 
abl}'^ a purely cosmetic transformation, unaccom- 
panied by the changes in ovarian function neces- 
sary for fertility or by the striking changes in 
adi'enal cortical activity which would have been 
suggested by definite alterations in the urinary 17- 
ketosteroid output. It would thus appear that the 
feminization resulted from the artificial increase 
in the concentration of circulating estrogenic boi- 
mones. A continuation of this feminine develop- 
ment would, therefore, seem to depend on pro- 
longed estrogen therapy. 
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There is experimental evidence that estrogens 
ma\’ cause hj-pertrophy of the adrenal cortex (20) 
and that estrogen therapy may not be ph 3 ’siolog- 
ically ideal. For this reason the effectiveness of 
agents which maj’ produce atrophy of the adrenal 
cortex (20, 21) should be investigated as such 
agents become arailable for clinical use. 

SUMMARY AND CONCLUSIONS 

The total urinary' 17-ketosteroid excretion is 
abnormally increased in patients with adrenal cor- 
tical hyperplasia or adrenal cortical carcinoma.^^ 
However, the magnitude of the total 17-ketosteroid 
excretion is not always a reliable index of the 
exact nature of tliis hyperactivity. On the other 
hand, the urinary' output of the beta-alcoholic 
and the non-alcoholic 17-ketosteroids has been 
found to be markedly elevated in patients with 
adrenal cortical carcinoma, whereas their output 
was either normal or but slightly elevated in pa- 
tients with cortical hyperplasia. Assay of the ex- 
cretion of these latter 2 fractions therefore appears 
to be of diagnostic value in differentiating patients 
wth adrenal cortical hyperplasia from those with 
carcinoma of the adrenal cortex. 

In agreement w'ith the observations of others 
(22 to 24) the urinary pregnanediol values are 
not consistently elevated in patients with adrenal 
cortical hyperplasia. 

Adrenal cortical virilism, when due to hyper- 
plasia of the adrenal cortex, usually persists with- 
out a tendency to spontaneous remissions. Chil- 
dren of both sexes may tend to grow rapidly in 
the early stages of the disease, but cease growing 
at an abnormally early age because of premature 
closure of the epiphyses. There is a probability 
that the boys will become normal appearing adult 
niales but whether or not they will attain fertility 
is uncertain. If left untreated, the girls tend to 
remain chronically masculinized. 

Unpublished observations are available on eight chil- 
dren with sexual precocity apparently due either to accel- 
erated normal physiologic processes or to central nerv- 
ous system lesions. The sexual precocity in these chil- 
dren differed from that observed in the adrenogenital 
syndrome in that the gonads rather than the adrenal 
eortex appeared to be the source of the sex hormones 
responsible for the secondary sex development. The total 
17-ketosteroid values of this group were not markedly 
elevated, but corresponded approximately to values ob- 
tained on normal individuals of the same physiologic age. 


The treatment of choice for patients with a 
carcinoma of the adrenal cortex is surgical re- 
moval. On the other hand, surgery does not ap- 
pear to be indicated in the treatment of patients 
with adrenal cortical hyperplasia. In girls with 
this latter disease, orally administered dietliyl- 
stilbestrol causes development of the female sec- 
ondary sexual characteristics and improvement in 
psychological outlook. On the other hand, there 
appears to be little indication for such therapy in 
the male. 

Addenda: Since this paper went to press, addi- 
tional measurements have been made on 2 adult 
women with adrenal cortical virilism. The first 
patient had proven adrenal cortical hyperplasia. 
She excreted a total of 46.8, mgm. of 17-keto- 
steroids per day. Of these, 6.4 mgm. were beta- 
alcoholic 17-ketosteroids. The second patient had 
a proven adrenal cortical carcinoma. Her total 
17-ketosteroid output was 74.0 mgm. per day. 
Of these, 28.5 were beta-alcoholic 17-ketosteroids. 
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Increases in the total protein content of cerebro- 
spinal fluid frequently occur in diseases of the 
nervous system, and the determination of total 
protein content is one of the most useful diagnostic 
laboratory procedures to the neurologist (1). The 
origin of the cerebrospinal fluid protein is usually 
considered to be the blood plasma and the in- 
creases in total protein content in meningitis are 
believed due to transudation of serum through the 
walls of inflamed vessels (1). In other condi- 
tions, such as polyneuritis, the reason for the 
elevated protein content is not clear (1), There 
are few data available regarding the composition 
of the cerebrospinal fluid proteins, chiefly because 
the small amounts of protein present make chemi- 
cal studies difficult. Freund (2) has shown that 
the titre of antibody in the spinal fluid of passively 
immunized rabbits is about 1/300 that of the 
serum, which is of the same order as the ratio of 
the total protein of spinal fluid to that of serum. 
By the use of the-Tisehus electrophoresis technic 
(3) , the authors were able to demonstrate that the 
electrophoretic patterns of concentrated cerebro- 
spinal fluids were similar to those of serum (4). 
The present report covers a more extensive study 
of the effect of variations in the serum proteins 
on the composition of the cerebrospinal fluid pro- 
teins, and of the changes in the proportions of 
the cerebrospinal fluid proteins in various neuro- 
logical conditions. The fraction of cerebrospinal 
fluid associated with abnormal colloidal gold ac- 
tivity is identified, and the inhibiting effects of the 
albumin fraction on the colloidal gold reaction are 
considered. 

experimental 

Cerebrospinal fluids were obtained from patients on 
whom ence phatography or ventriculography was per- 

^ Aided in part by a grant from the William J. Mathe- 
son Commission. 

Dr. Landow died on March 27, 1942. 


formed. Volumes of cerebrospinal fluid as large as 80 
ml. were obtained in this manner. Samples were taken 
for the colloidal gold test and for determination of the 
total protein content. The rest of the fluid was then 
placed in a cellophane dialyzing membrane with a one 
hole rubber stopper at one end and a solid rubber stopper 
at the other. The membrane was connected by rubber 
and glass tubing to a small tank of nitrogen, and a gas 
pressure of S pounds per sq. inch (about 250 mm. Hg) 
was constantly maintained on the inside of the membrane. 
The membrane was immersed in saline so that it was 
completely covered and the entire apparatus was kept in 
the icebox at about 5° C. Under these conditions it was 
found possible to concentrate the cerebrospinal fluids from 
70 ml. to about 2 ml. in about 2 to 3 days. Several fluids 
may be concentrated simultaneously by the use of a “Y” 
tube connecting to the nitrogen tank. It is necessary to 
test the membranes by applying 5 pounds pressure for 
several hours before adding the spinal fluid to avoid loss 
of the specimen in weak membranes or through the con- 
nections. After the fluid is concentrated to the desired 
volume, it is redialyzed against a solution containing 0.15 
M NaCl 0.02 M phosphate buffer at pH 7.4 and is 
studied in the Tiselius electrophoresis apparatus, using a 
microcell of 2 mL capacity. 

Serum samples were diluted about 1:4 and dialyzed 
against the same saline phosphate buffer used for the 
spinal fluids. 

The Tiselius electrophoresis cell (3) consists of a 
U-tube having a rectangular cross-section, the end walls 
of which have high optical quality so that light refraction 
caused by concentration gradients in the solution can be 
detected accurately. The concentrated cerebrospinal fluid 
is placed in the bottom half of the U-tube underneath a 
buffer against which it has been previously dialyzed until 
its conductivity and pH have assumed approximately the 
same -value as that of the buffer. To facilitate filling and 
recovery of material after separation, the electrophoresis 
cell (U-tube) is divided into sections with sliding flange 
plates, so that each section may be sealed off from the 
rest of the system. The tops of the U-tube connect to 
large buffer vessels containing electrodes. The whole is 
placed in a water bath thermostaticallj’ maintained at a 
low temperature (1.5° C. in our work). A boundary is 
formed by aligning the section containing the protein 
solution -with the rest of the cell. A regulated voltage 
applied to the electrodes causes a constant current to 
flow. Convectional disturbances due to heat are mini- 
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Fig. 1. Electrophoretic Patterns 


Case number 661981 — Idiopathic grand mal (normal) 
64763S — Anxiety state (normal) 

652282 — Lymphopathia venereum 

661095 — Multiple myeloma 

WH 138 — Multiple sclerosis 

655751 — Neurosyphilis 

635202 — Diabetic neuritis 

652371 — Left frontal cystic astrocytoma 


A Spinal fluid 
C Spinal fluid 
E Spinal fluid 
G Spinal fluid 
I Spinal fluid 
J Spinal fluid 
K Spinal fluid 
L Cyst fluid 


B Serum 
D Serum 
F Serum 
H Serum 


mized by maintaining the mean temperature (temperature 
is highest at center and lowest at walls of cells) of the 
solution at the point where the change of density with 
temperature is least (temperature of maximum density). 
Convection limits the wattage which may be dissipated in 
the cell. 

The 'current produces an electrical field throughout the 
cell. If the cell has a uniform cross-sectional area, 
Aan', the field E equals IjKA where I is the current in 
amperes and K is the specific conductivity of the solution 
in reciprocal ohms. This electrical field causes the dif- 
ferent protein components of the solution to migrate at 
a rate proportional to the statistical surface charge per 
unit area of the particles or molecules, and in a direction 
determined by the sign of this charge. This rate of 
migration, in cm. per second per unit field in volts per 
cm., is designated as the mobility of the component. 

Bending of light rays caused by concentration gradients 
at the boundaries of each component may be detected by 
various optical methods; in this study, the Toepler 
“SchUcrev." method, as modified by Longsworth (5), was 
used. With this method each electrophoretically distinct 


protein component gives a symmetrical curve, the area of 
which is the total refractive index change and is propor- 
tional to the concentration of the protein component. By 
integrating the area for each component in the patterns 
(Figure 1), the relative concentrations may be obtained, 
assuming that the specific index of refraction of all com- 
ponents is the same. 

After the migration is complete, samples of pure indi- 
vidual components may be removed from the U-tube ana 
tested for colloidal gold activity, etc. 

The total protein content of the cerebrospinal fluid was 
determined turbidimetrically by precipitation with sulfo- 
salicylic acid. The concentration of any electrophoretic 
component in the original spinal fluid was obtained by 
multiplying the total protein content of the fluid by the 
percentage composition of that component as calculate 
from the electrophoretic pattern. 

The colloidal gold tests were carried out in the usua 
manner, by addition of 2.5 ml. colloidal gold solution to 
O.S ml. of spinal fluid dilutions of 1:10, 1:20, 1 : 40 . • • 
1 : 5120. The tubes were allowed to stand at room tem- 
perature and read after 24 hours. The color changes 
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TABLE in 

Colloidal gold curves on cleclrophorctic fractions of concentrated spinal fluids 





Colloidal gold curves 


Case 

•number 

^ Diagnosis 

Original un- 
conccntratcd 
spinal fluid 

Albumin 

Middle 

1 

Gamma 

661981 

Idiopathic grand mal 

1100000000 

0000000000 

0000000000 

1112210000 

661917 

Idiopathic cortical seizures 

1100000000 

0000000000 

0000000000 

3321000000 

647635 

658958 

Anxiety state 

Post traumatic headache 

1100000000 

1100000000 

0000000000 

0000000000 

0000000000 

oooooooooo* 

oooooooooo 

635202 

Polyneuritis 

1100000000 

0000000000 

0000000000 

1112332210 

660660 

Cirrhosis 

1110000000 

0000000000 

1111222110 

1243210000 

661808 

Multiple sclerosis 

1100000000 

0000000000 

2112221100 

5432100000 

WH 138 

Multiple sclerosis 

2222100000 

0000000000 

3322221100 

5553321000 

655751 

Neurosyphilis 

5555544210 

0000000000 

5554332110 

5555432100 


Neurosyphilis 

1122100000 

0000000000 

3332233321 

5554431100 

657549 

Lues; arsenical encephalitis 

1112211000 

0000000000 

1111222210 

5555432100 

659002 

Neurosyphilis 

1111122211 

0000000000 

1112221000 

5554321000 


* Whole globulin. 


the albumin had an inhibiting effect on the col- 
loidal gold reaction. In gamma globulin samples 
obtained from sera showing colloidal gold changes, 
it was possible completely to abolish the colloidal 
gold reaction by adding albumin. Details will be 
published in a separate communication. 

DISCUSSION 

The observation that changes in the electro- 
phoretic patterns of the spinal fluid are influenced 
by changes in the composition of the serum pro- 
teins strongly indicates that much of the spinal 
fluid protein is derived from the blood. The 
order of magnitudes of the ratios of spinal fluid 
gamma globulin to serum gamma globulin are in 
agreement with the average of 1 : 300, found by 
Freund, for the distribution of antityphoid agglu- 
tinins between the spinal fluid and serum of rab- 
bits. This is not surprising as human antipneu- 
mococcus antibody and rabbit antibodies to several 
types of antigens were found to have the same 
molecular weights as their respective gamma glo- 
bulins (6), and hence would be distributed on 
both sides of the hemato-encephalic barrier to the 
same extent. 

The data obtained in neurosyphilis (case 
655646), however, suggest that not all of the 
spinal fluid protein is derived from the blood. In 
this case, the A/G ratio of the spinal fluid was 
much lower than that of the blood and the per- 
centage of gamma globulin was much higher than 
that in tl>e serum. This spinal fluid also showed 


colloidal gold changes which are associated with 
increases in the gamma globulin. The data would 
suggest that some formation of gamma globulin 
could take place within the tissues of the central 
nervous system and be poured into cerebrospinal 
fluid, since it is difflcult to imagine an altered per- 
meability of the hemato-encephalic barrier which 
could produce an increase in gamma globulin 
without producing the same or an even greater 
increase in the smaller albumin molecule. The 
formation of some gamma globulin in the central 
nervous system is in accord with the views of 
Katzenelbogen (7) that cerebrospinal tissues are 
capable of producing antibodies, and that the 
origin of the antibodies in the cerebrospinal fluid 
is twofold, from the blood and from the cerebro- 
spinal tissues. It also agrees with the views of 
Sabin (8) who has suggested that antibodies and 
normal gamma globulin are formed in the cells 
of the reticulo-endothelial system by a partial 
shedding of their surface cytoplasm. This hy- 
pothesis will explain the electrophoretic data as 
well as the fact that positive Wasserman reactions 
may be obtained frequently in spinal fluid, but not 
in the serum, in cases of neurosyphilis. 

SUMMARY 

1. The electrophoretic pattern of cerebrospinal 
fluid resembles that of serum. 

2. Alterations in the composition of the protein 
components of serum are reflected in the cerebro- 
spinal fluid, but the changes are not as marked. 
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In ncurosyiiliilis. however, an increased "annna 
glohnlin occurs in cerehros])inal niiid, without 
similar clian,"es in tlie Idood stream. 

.3. Colloid.al gold activitv is associated with tiic 
gamma globulin fraction, and alhuiuin has an in- 
hihiting cfTect on the colloidal gold reaction. 

Tile aiitliors .are indel'ted to Drs. Tr.aey ]. Pninaiii .and 
Kolxirt !•. Lik' 1) fur many siiRcestions and for nssi>tancc 
in otitainiiifT material. Tlie colloidal Rold tests were 
carried out by Miss Rntli Sliivitz of the Department of 
Bactcriolopy. and Misses Sheila (ioldsinitli and Helen 
Sikorski assisted in the electrophoretic experiments. 
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TABLE III 

Colloidal gold curves on clcclrophorelic fractions of concentrated spinal fluids 


Case 

number 

1 

1 

1 

1 


Colloidal gold curves 


Diagnosis 

Original un- 
conccntratcd 
spinal fluid 

Albumin 

Middle 

Gamma 

661981 

Idiopathic grand mal 

1100000000 

0000000000 

0000000000 

1112210000 

661917 

Idiopathic cortical seizures 

1100000000 

0000000000 

0000000000 

3321000000 

647635 

658958 

Anxiety state 

Post traumatic headache 

1100000000 

1100000000 

0000000000 

0000000000 

0000000000 

OOOOOOOOOO* 

OOOOOOOOOO 

635202 

Polyneuritis 

1100000000 

0000000000 

0000000000 

1112332210 

660660 

Cirrhosis 

1110000000 

0000000000 

1111222110 

1243210000 

661808 

Multiple sclerosis 

1100000000 

0000000000 

2112221100 

5432100000 

WH 138 

Multiple sclerosis 

2222100000 

0000000000 

1 3322221100 

5553321000 

655751 

Neurosyphilis 

5555544210 

0000000000 

5554332110 

5555432100 

659043 

Neurosyphilis 

1122100000 

0000000000 

3332233321 

5554431100 

657549 

Lues; arsenical encephalitis 

1112211000 

0000000000 

1111222210 

5555432100 

659002 

Neurosyphilis 

1111122211 

0000000000 

1112221000 

5554321000 


* Whole globulin. 


the albumin had an inhibiting eifect on the col- 
loidal gold reaction. In gamma globulin samples 
obtained from sera showing colloidal gold changes, 
it was possible completely to abolish the colloidal 
gold reaction by adding albumin. Details will be 
published in a separate communication. 

DISCUSSION 

The observation that changes in the electro- 
phoretic patterns of the spinal fluid are influenced 
by changes in the composition of the serum pro- 
teins strongly indicates that much of the spinal 
fluid protein is derived from the blood. The 
order of magnitudes of the ratios of spinal fluid 
gamma globulin to serum gamma globulin are in 
agreement with the average of 1 : 300, found by 
Freund, for the distribution of antityphoid agglu- 
tinins between the spinal fluid and serum of rab- 
bits. This is not surprising as human antipneu- 
mococcus antibody and rabbit antibodies to several 
types of antigens were found to have the same 
molecular weights as their respective gamma glo- 
bulins (6), and hence would be distributed on 
both sides of the hemato-encephalic barrier to the 
same extent. 

The data obtained in neurosyphilis (case 
655646), however, suggest that not all of the 
spinal fluid protein is derived from the blood. In 
this case, the A/G ratio of the spinal fluid was 
much lower than that of the blood and the per- 
centage of gamma globulin was much higher than 
that in tl>e serum. This spinal fluid also showed 


colloidal gold changes which are associated with 
increases in the gamma globulin. The data would 
suggest that some formation of gamma globulin 
could take place within the tissues of the central 
nervous system and be poured into cerebrospinal 
fluid, since it is difficult to imagine an altered per- 
meability of the hemato-encephalic barrier which 
could produce an increase in gamma globulin 
without producing the same or an even greater 
increase in the smaller albumin molecule. The 
formation of some gamma globulin in the central 
nervous system is in accord with the views of 
Katzenelbogen (7) that cerebrospinal tissues are 
capable of producing antibodies, and that the 
origin of the antibodies in the cerebrospinal fluid 
is twofold, from the blood and from the cerebro- 
spinal tissues. It also agrees with the views of 
Sabin (8) who has suggested that antibodies and 
normal gamma globulin are formed in the cells 
of the reticulo-endothelial system by a partial 
shedding of their surface cytoplasm. This hy- 
pothesis will explain the electrophoretic data as 
well as the fact that positive Wasserman reactions 
may be obtained frequently in spinal fluid, but not 
in the serum, in cases of neurosyphilis. 

SUMMARY 

1. The electrophoretic pattern of cerebrospinal 
fluid resembles that of serum. 

2. Alterations in the composition of the protein 
components of serum are reflected in the cerebro- 
spinal fluid, but the changes are not as marked. 
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glolnilin occurs in cerehrosjiinal fluid, without 
similar clianges in the blood stream. 

.5. Colloidal gold activity is associated with the 
gamma globulin fraction, ami aiinnnin lias an in- 
hibiting cfTcct on the colloid.al gold reaction. 
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This coiiiiminicalion rcpnrt.s a sUiclj- of the stale 
of neuromuscular Irausmission. and tlie effects 
upon it of prostigmiue and acetylclioline injected 
into the bracliial arten’, in five patients witli severe 
nyasthenia gravis, five months after the total ex- 
tirpation of the thymus gland. The partial block 
in neuromuscular transmission and the abnormal 
reactions to the intra-arterial injection of prostig- 
mine which existed pre-operatively (1, 2) have 
been altered profoundlj’. The results of these ex- 
periments indicate that in inj’asthenia gravis the 
thymus influences greatly the function of the 
motor nerves and the striated muscles which they 
mnen’ate. These findings furnish objective evi- 
dence of an action of the thymus gland, and an 
analysis of the results may assist in understanding 
the normal physiological function of this structure. 

In addition to changes in the physiological and 
pharmacological patterns of neuromuscular func- 
tion which followed thymectomy, there occurred in 
three of the patients an extraordinary clinical im- 
provement which developed concomitantly with 
the reversion of neuromuscular function toward 
normal. 


METHODS 

The methods employed in this study have been described 
m detail previously (3). Injections of prostigmine and 
acetylcholine were made into the brachial artery. The 
ulnar nerve was stimulated through the intact skin above 
the elbow, by square waves lasting about one millisecond 
and presented singly, in pairs, or in salvos by the delay 
circuits of Marshall and Talbot (4). These stimuli, 
transformer-coupled to the stimulating electrodes, had an 
amplitude greater than necessary to elicit maximum action 
potentials from the muscle electrodes placed on the skin 
o\er the m. abductor digiti quinti. These muscle action 
potentials were led to the input of a condenser-coupled 
amplifier and recorded by means of a cathode raj’ oscillo- 
graph. 

Aided in part by a grant from the John and Mary R. 
Aiarkle Foundation. 


-MATERIAL 

The clinical histories of these patients have been re- 
corded before (5). 

Patient P. C. (Unit 225775). A thirty-three-j’ear- 
old colored farmer developed severe and progressive my- 
asthenia gravis in Julj' 1940. He required 240 mgm. of 
prostigmine a day before operation and even then was 
incapacitated. The thymus was removed July 26, 1941. 
Bj' August 9, 1941, he no longer required prostigmine. 
Since then there has been a steady return of strength and 
by February 1942, he was able to perform light work. 

Patient R. L. (Unit j^255345). A twenty-eight-j’ear- 
old graduate student developed myasthenia gravis in Au- 
gust, 1940. By July 1941, she was confined to bed because 
of weakness and required 240 to 270 mgm. of prostigmine 
a day. The thymus was removed on August 4, 1941. 
She required no further prostigmine after August 18, 
1941. By February 1942, she was working eight hours a 
day in the statistical department and the only residual 
evidence of former myasthenia was weakness of the mus- 
cles of the pelvic girdle, which made it necessary for 
her to walk with a wide base. 

Patient L. K. (Unit ^127185). A twenty-two-year- 
old colored woman who developed severe mj'asthenia 
gravis in 1935. In August 1941, her activities were 
greatly limited by weakness, despite the oral administra- 
tion of 120 mgm. of prostigmine a day. The thymus was 
removed August 18, 1941. When discharged from the 
hospital in October 1941, she was walking and eating 
easily without any medication. In Februarj’ 1942, she 
showed evidences of continued gain in strength. She felt 
that she required 7.5 mgm. of prostigmine in the morning 
on arising, and occasionally if she went out in the evening, 
she would take 15 mgm. of prostigmine. Her activity was 
not limited bj' weakness. 


RESULTS 

The response to a single maximal nerve stimulus 

The characteristic electromyogram of tlie ;;;. 
abductor digiti quinti, elicited by a ma.ximal stim- 
ulus to the ulnar ner\’e, in normal subjects is 
marked by its uniformity. In any one individual, 
the voltage of the response never varies more than 
15 per cent from day to day; in most instances, 
the variation is less than 5 per cent (6). This 
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constancy has been interpreted to indicate that 
nnder the conditions of the examination in the 
normal subject, all excitable muscle fibers respond 
to a single maximal motor nerve stimulus. 

In contrast to the normal subject, the patient 
with severe myasthenia gravis exhibits an electro- 
myogram which indicates that some of the avail- 
able muscle fibers do not respond to a maximal 
nerve stimulus. This is suggested by the small 
amplitude of the action potential and by the eflfect 
of prostigmine which improves the muscle strength 
and increases the voltage of the responses. The 
reduction in amplitude of the action potential in 
the untreated myasthenic state is i^roportional to 
the number of muscle fibers which fail to respond 
to a maximal nerve stimulus (1). 

In two of these patients we have had the oppor- 


tunit}' of studying the state of neuromuscular 
transmission before and after thymectomy. In 



Fig. 1. The Voetaoe of the Response of the if . 
Abductor Digit! Quinti to .\ Single Maximal Stijiui-us 
TO THE Ulnar Nerve Increases After Tiivmectomv 
Patients R. L. and P. C. 



Fig. 2. Patient R. L. 

A. Before thymectoinj', the depression of the second response wliich follows 
at an interval of 32 msec, is 20 per cent. B. Five months after thymectomy, 
the second response at a 20 msec, interval shows slight facilitation. C. Before 
thymectomy, there is progressive depression of the responses to a train of maxi- 
mal stimuli at 16 msec. inter%’a1s; the fifth response is but 74 per cent of the 
first. D. hive months after thymectomy, a train of maximal stimuli at 20 
msec, intervals results in facilitation. Calibration = 2.0 mV. 
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I)otIi instances, witlionl any adjuvant therapy, 
tlicrc lias occurred a large increase in the voltage 
of tlie response to a single maximal stimulus. In 
R. L. the voltage rose from 3.5 to 7.4 iu\\, an in- 
crease of 110 i)er cent; in P. C. the voltage rose 
from 6.9 to 12 m\’., an increase of 70 per cent 
(Figure 1). These rises in potential, indicating 
an improvement in neuromuscular transmission, 
were accurate reflections of the clinical improve- 
ment. 

Traiisinissioit nj paired maximal stimuli; 
“the t7co-z'ollcy ciirz'c” 

In the normal subject, Y’hen two ma.ximal 
stimuli, separated by a brief interA’al. are delivered 
to the motor nerve, the amplitudes of the corre- 
sponding muscle action potentials are equal (6). 
In these patients with severe myasthenia gravis, a 
depression of neuromuscular traiismission, in- 
duced by the passage of the first volley across tlie 
junction, had resulted in a decline in the voltage 
of the second response of the pair (Figure 2A) 
(1, 7). Following thymectomy, the two-volley 



a prostigmine p prostigmine 

^ thymectomy « ^ 0 - t 

p thymectomy x K x r- 

normal control q □ 

Fig. 3. Traxsmission Cur\'es of Patient P. C. 

The potential of the second response, expressed as per- 
centage of the first, is plotted against the interval of the 
^'o stimuli, expressed in msec. Before thymectomy: 

--® = marked depression and • • the 

® 'Sht improvement after prostigmine. After thymec- 
tomy: X X indicates the depression of the second 

response which is minimal, and X X shows that 

a ter prostigmine there is a different slope to the recovery 
2^rve, approaching that seen in the normal subject: 
□ □. 


response has been altered significantly. In the 
patient P. C., before operation, the voltage of the 
second response to a pair of stimuli delivered at 
an interval of 64 msec, had been only 40 per cent 
of the first. Five months after tln-mectomy, the 
voltage of the second response at the same ttvo- 
volley interval was 82 per cent of the first (Figure 
3). Thus the characteristic depression of neuro- 
muscular conduction found during the myasthenic 
state had been greatly reduced. 

In the patient R. L., the alterations in the tivo- 
voiley curve which were noted five months after 
thymectomy were even more striking. Prior to 
operation, the depression of the second response 
to a pair of ma.ximal stimuli, separated by a 33 
msec, interval, bad been 20 per cent. In con- 
trast, after thymectomy the second response was 
actually greater in voltage than the first (Figure 
2). This phenomenon of facilitation, which ap- 
peared in this patient during the postoperative 
period of improvement, may be compared with a 
similar process which we have recorded in another 
patient (1) during a spontaneous remission when 
myasthenia was minimal. 

Transmission of a train of maximal stimuli 

A salvo of ma.ximal stimuli delivered to the 
ulnar nerv^e in a normal subject at 16 to 20 msec, 
intervals evokes a train of responses which are 
equal in voltage. In ever\' myasthenic patient 
whom we have examined, this train of responses 
has been characterized by a progressive fall in 
the amplitude of the action potentials. The de- 
pression of the consecutive potentials has been 
roughly proportional to the severitj- of the my- 
asthenia in the muscle examined; and the extent 
to which the defect in neuromuscular transmission 
has been repaired by prostigmine has also reflected 
the degree of clinical weakness. 

Following thymectom}-, the responses to the 
train of stimuli undenvent a significant change in 
the direction of the normal response. In the pa- 
tient P. C. before th\-mectom}-, the fourth response 
to a train was depressed almost to e.xtinction ; and 
even after the intra-arterial injection of a large 
amount of prostigmine (1.5 mgm.). the fourth 
response was still only 41 per cent of the first. 
Five months after thymectomy, there had occurred 
a marked improvement in neuromuscular conduc- 
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Fig. 4. Patient P. C. 

A. Train of maximal stimuli at 16 msec, intervals before thymectomy. E. 
Same test five months after thymectomy at 20 msec, intervals showing rise in 
action potential and increased efficiency of neuromuscular transmission. C. 
Before thymectomy, showing the moderate improvement in transmission after 
injection of 2.0 mgm. prostigmine into the brachial artery. D. Same as B. 
but after 1.0 mgm. of prostigmine intra-arterially. Calibration = 2.0 mV. 


tion, even though no prostigmine had been ad- 
ministered (Figure 4). The patient R. L. showed 
before thymectom}^ a characteristic progressive 
decrease in the voltages of the consecutive re- 
sponses to a train of maximal stimuli. Five 
months after operation there was a complete re- 
versal of the depressed response and a significant 
facilitation of the successive responses appeared 
(Figure 2). The occurrence of a similar phe- 
nomenon in another patient (B. W.) has been de- 
scribed before (1). The presence or development 
of facilitation may be a valuable criterion of the 
state of tlie myastlienic process, for in these two 
instances it has appeared during the development 
of a remission, the one spontaneous and the other 
apparently induced Iw extirpation of the thymus. 
.A process of facilitation of this degree has never 
been seen in normal subjects, in whom the varia- 
tions do not exceed 5 per cent. 


The action of prostigmine 

The effect on neuromuscular function of pi os 
tigmine injected into the brachial artery of nor 
mal subjects may be summarized briefly: 

(a) Profound paresis of the muscles in the in 
jected extremity. 

fb) Fascicular twitching of the muscles in 
injected extremity. 

(c) Repetitive action potential in response 
a single nerve stimulus. 

((/) Depression of neuromuscular transmission, 
produced by the passage of one vol O) 
across the junction. This depiession i 
greatest immediately after the first voile) 
and disappears, in most instances, 

100 msec. (3) and therefore is of a differ 
ent nature from the depression after ac 
tivity in patients with myasthenia gravis 
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The cftcct of prostiiiininc in the myasthenic pa- 
tient is quite difTcrent and jirndnees; 

(a) Partial or complete return of motor ])o\ver. 

(h) No fascicnlations. 

(r) Xo repetitive response desjiite enormous 
doses (2 to 3 mgm.). 

(d) Repair of the existing defect in ncuro- 
innscnlar transmission to or toward a nor- 
mal rcs|)onsc (1, 2). 

These four difTercnces in the efTcct of jirostig- 
mine on normal and myasthenic subjects were 
employed to estimate objectively tbc ebange in 
neuromuscular function wbicb bad occurred in 
the myasthenic patients following removal of the 
thymus. 

Motor poii'cr. Before operation, five of the 
patients showed an increase in strength, locally 
and then generally, after tbc intra-arterial injec- 
tion of prostigmine. The degree of im])rovement 
was roughly proportional to the initial weakness. 
In two patients, R. L. and L. K.. who had re- 
gained almost nonnal strength after thymectomy, 
the intra-arterial injection of prostigmine in mod- 
erate doses (0.75 and 1.0 mgm.) produced weak- 
ness. In a third patient, P. C., who had bad the 
severest myasthenia of the entire group and had 
experienced enormous clinical improvement after 
thymectomy, the injection of prostigmine into the 
brachial artery five months after the operation 
produced an increase in strength significantly 
greater than the same amount of drug (1.0 mgm.) 
had effected before operation. The remaining 
two patients, R. S. and IM. W.. whose myasthenia 
had been least severe and who had made virtually 
no clinical recover}', showed little or no change in 
this reaction to prostigmine, when tested two 
months after operation. 

Posciciilafiott. None of these five patients had 
de\ eloped local or general fasciculations in re- 
sponse to the intra-arterial injection of prostig- 
mine before thymectomy. All of these patients 
developed local fasciculations postoperatively. 
The extent and frequency of the fascicular 
^'Itches were less than occurs in the normal sub- 
ject. However, fasciculations could be induced 
■with an amount of prostigmine (1.0 mgm.) which 
before thymectomy failed to produce fascicula- 
tions in any instance. This obsen'ation itself 


constitutes objective evidence that, in each patient 
from whom the thymus was removed, neuro- 
muscular function was altered, for the evidence 
available indicates that prostigmine fasciculations 
originate at or near the nerve endings (8). 

Actioji potcutial. The partial block in neuro- 
muscular transmission which had existed pre- 
opcratively in the patients tested had been de- 
creased by prostigmine, so that the amplitude of 
the action potential evoked by a single stimulus 
increased after tbe administration of prostigmine. 
This was in direct contrast to the response of a 
normal subject in whom the amplitude of potential 
in response to a single stimulus was not affected 
by prostigmine. Post-operatively, in the two pa- 
tients in whom tests for comparison were avail- 
able. the change in potential after prostigmine be- 
came minimal or insignificant. The patient R. L. 



Fig. 5. REPETirn-E Response to Single Stimuli After 

INTR,C-.^RTERI.A1. PeOSTIGMINE 

Patient R. L. : A. Before th\-mectomy; no repetition. 
B. After thymectom}- a repetitive response appeared. 

Patient P. C. : C. Before thymectomy tliere was no 
repetitive response. D. Repetitive response developed 
after thymectomy. 

Calibration = 2.0 mV. 



584 


A. :M. HARVEY, J. L. LILIENTHAL, JR., ANO S. A. TAEROT 


had shown a rise in voltage of 34 per cent prc- 
operativeljE and five months after thymectoni)' the 
rise was less than 2 per cent, which was within the 
normal variation. The patient P. C. had shown 
a rise of 19 per cent before thymectomj' and 8 per 
cent after. 

Repetitive response. In the normal subject, 
the response to a single motor nerve stimulus is a 
single diphasic wave ; the intra-arterial injection 
of prostigmine converts this single wave into a 
repetitive response, consisting of a series of three 
or four spikes which fall off rapidly in voltage and 
duration and which are separated by approxi- 
mate!)' equal time intervals (3). If the ulnar 
nerve is stimulated by two maximal stimuli sepa- 
rated by a short interval, the repetitiveness of the 
second response is greatly diminished until the 
stimuli have been separated by 48 msec, or more. 

In these myasthenic patients before thymectomy 
we had not been able to detect a repetitive re- 
sponse to single stimuli, although observations 
had been made after the intra-arterial injection of 
large doses of prostigmine (2.0 mgm.). How- 
ever. in three of these patients whose electromyo- 
grams were studied, there appeared following thy- 
mectomy a repetitive response to single motor 
nerve stimuli after moderate doses of prostigmine 
(0.75-1.5 mgm.) (Figure 5). The i-eturn of 
repetitive activity was not complete, for there 
were only one or two additional spikes in the first 
response and with the paired stimuli the second 
response failed to become repetitive. The de- 
velopment of the repetitive response was an addi- 
tional alteration in neuromuscular function toward 
a normal pattern. 

N euroniHsciilar transmission. A study of the 
“two-volley curve’’ revealed much less depression 
of neuromuscular transmission after single or 
multiple responses. The changes observed be- 
fore the administration of prostigmine have been 
described above. Before th 3 anectomy, prostig- 
mine always had reduced the neuromuscular junc- 
tional depression created by the passage of a single 
volley : in some instances, normal neuromuscular 
transmission had been completely restored. After 
thvinectomy. when little or no neuromuscular 
iunctional depression existed in two of the pa- 
tients (t'. s.). the intra-arterial injection of pros- 
tiginine produced a slight but definite depression 


of conduction after the passage of one volley 
across the junction. In the patient R. L., fore.\- 
aniple, five minutes after the .intra-arterial injec- 
tion of i)rostigmine. when moderate weakness had 
developed, a train of maximal nerve stimuli evoked 
rcsjjonses which fell in amplitude until the fifth 
resj^nse was only 74 ])er cent of the first (Figures 
6 and 7). This {progressive dejprcssion of the re- 
sjponses after {prostigmine is similar to that seen 
in the normal subject. 
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Fig. 6. Prostigmine Depressed Neuromuscular 
Transmission After Thyaiectomy 
Patient R. L. A. Train of maximal stimuli at 16 
msec, intervals before thymectomy; 1.0 mgm. of prostig 
mine has been given and the responses are equa . 
Same test after thymectomy, at 20 msec, intervals, 
is a depression of the successive responses characteris 
of the normal. Calibration = 2.0 mV. 


The action of acetylcholine 

In the normal subject, the intra-arterial injection 
of 20 to 40 mgm. of acetylcholine produces, among 
other effects, a transient weakness of the extrem 
ity. By contrast, in the myasthenic patient, there 
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I'R.L. a thymectomy — '3. prastigm(ne 

2» " p " . “ ■ 
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4«B.W. a " Q “ 

Fig. 7. Trausmission* CxjTi\'es or Responses to Trains 
Or Maximal Stimuli of the Patient R. L. 

Potentials expressed as in Figure 3. 1. Before thy- 
mectomy there is a progressive depression; no prostig- 
muie. 2. After operation the responses are facilitated ; no 
prostigmine. 3. After thymectomy prostigraine produces 
a depression similar to that observed in the normal sub- 
ject 4. Patient B. W. (1) showing facilitation during a 
spontaneous remission. 

IS a sudden involuntary contraction of the injected 
muscles. In the patient P. C., the only one in 
whom we have had the opportunity to restudy the 
effect of intra-arterial acetylcholine postopera- 
tively, the injection of 20 mgm. of acetylcholine 
produced a definite brief contraction of the mus- 
cles of the injected extremity, but the violence of 
the contraction was strikingly less than before 
thymectomy. In addition, as soon as the contrac- 
tion had relaxed, it wels found that the power of 
the grip was markedly decreased. This transient 
effect lasted about thirty seconds. It is important 
to note that this weakness which is characteristic 
of the normal subject never had been found in 
this patient before operation. 

DISCUSSION 

In a previous communication (2) it was sug- 
gested that the defect in neuromuscular function 
which characterizes myasthenia gravis results from 
R reduction in the amount of transmitter substance, 
acetylcholine, released at the nerve endings in re- 
sponse to a motor nerve volley. This interpreta- 


tion followed a consideration of the evidence sum- 
marized below. 

(fl) Prostigmine repaired the neuromuscular de- 
fect occurring in myasthenia gravis and has been 
shown to protect acetylcholine released at the 
nerve endings from hydrolysis by cholinesterase. 

(b) In the normal subject, prostigmine in high 
concentration (injected intra-arterially) produced 
a profound local paresis ; in the myasthenic, how- 
ever, prostigmine increased motor power. Since 
acetylcholine in sufficiently high concentration de- 
presses neuromuscular function, it was thought 
likely that the paresis produced in the normal sub- 
ject results from an accumulation of acetylcholine 
to a depressant concentration, owing to the anti- 
cholinesterase action of prostigmine. The failure 
of prostigmine to produce weakness in the myas- 
thenic muscle suggests that insufficient acetyl- 
choline is available to accumulate to a depressant 
concentration (Figure 8). 

(c) If the amount of transmitter substance 
available for release were reduced, it should, in 
effect, produce functionally a partial “denerva- 
tion.” And this “denervation” might be expected 
to lower the effector’s threshold to the transmitter 
substance (9) . Such sensitization to the transmit- 
ter substance, acetylcholine, does occur in the my- 
asthenic muscle ; and thus the hypothesis that the 
transmitter agent has been reduced in quantity 
gains further support. 

This concept of the fundamental defect at the 
neuromuscular junction emphasizes the relation of 
the amount of transmitter released to the threshold 
of muscle excitation by the transmitter. Any fac- 
tor which increases the amount of transmitter re- 
leased will improve neuromuscular function in the 
myasthenic. A secondary effect might be expected 
to be a corresponding increase in the threshold of 
the muscle to acetylcholine as the neuromuscular 
junction approaches normal : a “functional regen- 
eration.” 

Certain striking similarities betiveen partial cura- 
rization and myasthenia gravis suggested that the 
neuromuscular defect in myasthenia gravis might 
result from the action of some circulating sub- 
stance. In the light of known pathological changes 
occurring in myasthenia gravis, the thymus might 
be a likely source of this hj-pothetical agent. This 
hypothesis has been submitted to experimental 
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effect of acetylcholine 

I a Before Prosligmine 


— a After Prostlgmlne 


Fig. 8. Effect of Acetylcholine 


The quantum of acetylcholine released by a single stim- 
ulus is represented by the solid columns. The eifect of 
tliis quantum is increased by prostigmine and this is rep- 
resented by the barred columns. In normal muscle, the 
quantum of acetylcholine released exceeds the excitation 
threshold and maximal contraction results. When the 
effect of this quantum is increased by prostigmine until it 
exceeds the depression threshold, then paralysis results. 
This depends upon the fact that acetylcholine depresses 
neuromuscular transmission in higher concentrations. In 
curarised muscle, the quantum of acetylcholine is not al- 
tered but the elevation of the excitation threshold renders 
the normal amount of acetylcholine less effective. Pros- 
tigminc increases the effect of this quantum and the con- 
traction range is reached once again. This is the “de- 
curarizing” effect of prostigmine. In myasthenic muscle, 
the excitation threshold is lowered ("functional” partial 
denervation) but the quantum of acetylcholine is reduced 
to an even greater degree ("inadequate" acetylcholine re- 
lease) *, submaximal response results. Prostigmine en- 
hances the effect of this “inadequate” quantum and, as it 
exceeds the lowered excitation threshold, improved trans- 
mission results. 
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proof (5), and the results which have bee 
scribed here, indicate that the thymus pla} 
important but as yet unidentified role in the p: 
genesis of myasthenia gravis. An analysis of' 
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that more muscle fibers were excited ; the charac- 
teristic depression of neuromuscular function fol- 
lowing activity at the junction had been eliminated 
or greatly diminished; the response to a single 
stimulus after the injection of prostigmine became 
repetitive as in the normal subject; in two sub- 
jects, a normal depression of neuromuscular func- 
tion developed after the intra-arterial injection of 
prostigmine ; and in one subject, the muscle thresh- 
old to acetylcholine injected into the brachial ar- 
tery rose. 

The phenomenon of facilitation which developed 
in patient R. L. after thymectomy is similar to 
that observed in another myasthenic patient B. W. 
( 1 ) during a spontaneous remission. It has not 
been observed in any other subject, either normal 
or myasthenic. There are few experimental data 
which might furnish a clear explanation for the 
appearance of this change in neuromuscular func- 
tion, but a consideration of the facts available, 
suggests a possible explanation which is consistent 
with the concept of myasthenia gravis proposed 
before (2). 

Brown (10) confirmed the original observations 
of Bremer and Homes (11) on neuromuscular 
function in partially curarized preparations, and 
showed again that the second response to a rapid 
train of maximal motor nerve stimuli gained in 
amplitude (facilitation), and then the subsequent 
responses lost amplitude rapidly until they became 
constant at a greatly reduced level. Brown sug- 
gested that this long depression is due to insuffi- 
ciently rapid replacement of acetylcholine, to which 
curare has raised the threshold of the muscle 
fibers. ’iSslated that the augmentation of 

first r occurring during the first 50 

ulted from a separate process 
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NORMAL CURARIZED SEVERE REMITTING 

MYASTHENIA MYASTHENIA 


U “FACILITATION* 

1= QUANTUM OF ACH RELEASED 

Fig. 9. TnEORExicAL Diagram Relating the Quanta of Transmitter 
Substance Released to the Appearance of Facilitation 
For description see text. 


released has reached its minimum, because this 
minimum still exceeds the threshold for response 
of the least excitable fibers. Thus any change in 
amount of transmitter occurring above this thresh- 
old will not be detected. When the muscle has 
been partially curarized, however, the threshold at 
which every fiber responds is higher. Conse- 
quently the variations in amount of transmitter 
released, and in the facilitation process, will ap- 
pear as variations in the submaximal response of 
the muscle as a whole. In the state of severe 
myasthenia, the hypothetical fall in acetylcholine 
output is represented by the shorter solid lines 
which diminish very sharply. The concomitant 
lowering of muscle threshold to acetylcholine is 
represented by the lower threshold for total fiber 
response. The facilitation process may operate 
here as well as in the normal or curarized muscle, 
but the abrupt decline in the amount of acetyl- 
choline released obscures the facilitation, so that 
the responses still decline rapidly. During a re- 
mission, whether spontaneous or induced, the 
threshold for total fiber response rises toward 
normal and the amount of available transmitter is 
assumed to increase. This would constitute a 
transition stage between severe myasthenia and 
normal function; in this stage,, the relation of 
muscle threshold to the amount of transmitter re- 


leased would be similar to that occurring in the 
partially curarized muscle. Under these circum- 
stances, the previously obscured process of facili- 
tation would become apparent. 

SUMMARY 

1. Five patients with severe myasthenia gravis 
have been restudied up to five months after total 
extirpation of the thymus. Three have shown a 
great degree of cbnical improvement. 

2. Electromyographic studies demonstrated that 
(o) a larger number of muscle fibers responded 
to a maximal motor nerve stimulus, and (&) there 
was greater efficiency in the transmission of pairs 
and trains of maximal motor nerve stimuli across 
the neuromuscular junction. 

3. The intra-arterial injection of prostigmine, 
in contrast to its effect before thymectomy, now 
produced (o) local fascicular twitching, (&) repe- 
titive response to a single stimulus, (c) normal 
local paresis and a depression of neuromuscular 
transmission in two of the patients, and (d) 
greater effect of prostigmine in the third. 

4. In one patient, the intra-arterial injection of 
acetylcholine produced less contraction than before 
thjTnectomy and the contraction was followed by 
transient weakness. 
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s Before Prostigmine 

Q = After Prostigmine 

Fig. 8. Effect of Acetylcholine 

The quantum of acetylcholine released by a single stim- 
ulus is represented by the solid columns. The effect of 
this quantum is increased by prostigmine and this is rep- 
resented by the barred columns. In normal muscle, the 
quantum of acetylcholine released exceeds the excitation 
threshold and maximal contraction results. When the 
effect of this quantum is increased by prostigmine until it 
exceeds the depression threshold, then paralysis results. 
This depends upon the fact that acetylcholine depresses 
neuromuscular transmission in higher concentrations. In 
curarized muscle, the quantum of acetylcholine is not al- 
tered but the elevation of the excitation threshold renders 
the normal amount of acetylcholine less effective. Pros- 
tigmine increases the effect of this quantum and the con- 
traction range is reached once again. This is the “de- 
curarizing” effect of prostigmine. In myasthenic muscle, 
the excitation threshold is lowered (“functional” partial 
denervation) but the quantum of acetylcholine is reduced 
to an even greater degree ("inadequate” acetylcholine re- 
lease) ; submaximal response results. Prostigmine en- 
hances the effect of this “inadequate” quantum and, as it 
exceeds the lowered excitation threshold, improved trans- 
mission results. 

proof (5), and the results which have been de- 
scribed here, indicate that the thymus plays an 
important but as yet unidentified role in the patho- 
genesis of myasthenia gravis. An analysis of this 
role is being undertaken. 

The study of neuromuscular function has indi- 
cated that after thymectomy profound alterations 
toward a normal pattern occurred in the three 
patients who exhibited such extraordinary clinical 
improvement. There has been recorded the de- 
velopment of local fasciculations following the 
intra-arterial injection of prostigmine; the muscle 
action potential, in response to a maximal motor 
ncr\*e stimulus, increased enormously, indicating 


that more muscle fibers were excited ; the charac- 
teristic depression of neuromuscular function fol- 
lowing activity at the junction had been eliminated 
or greatly diminished; the response to a single 
stimulus after the injection of prostigmine became 
repetitive as in the normal subject; in two sub- 
jects, a normal depression of neuromuscular func- 
tion developed after the intra-arterial injection of 
prostigmine; and in one subject, the muscle thresh- 
old to acetylcholine injected into the brachial ar- 
tery rose. 

The phenomenon of facilitation which developed 
in patient R, L. after thymectomy is similar to 
that observed in another myasthenic patient B. W. 
(1) during a spontaneous remission. It has not 
been observed in any other subject, either normal 
or myasthenic. There are few experimental data 
which might furnish a clear explanation for the 
appearance of this change in neuromuscular func- 
tion, but a consideration of the facts available, 
suggests a possible explanation which is consistent 
with the concept of myasthenia gravis proposed 
before (2). 

Brown (10) confirmed the original observations 
of Bremer and Homes (11) on neuromuscular 
function in partially curarized preparations, and 
showed again that the second response to a rapid 
train of maximal motor nerve stimuli gained m 
amplitude (facilitation), and then the subsequent 
responses lost amplitude rapidly until they became 
constant at a greatly reduced level. Brown sug- 
gested that this long depression is due to insuffi- 
ciently rapid replacement of acetylcholine, to which 
curare has raised the threshold of the muscle 
fibers. He postulated that the augmentation of 
the first responses occurring during the first 50 
msec, of the train resulted, from a separate process 
of facilitation. These observations may be inter- 
preted to indicate that the amount of acetylcholine 
released by each successive volley in a train of 
nerve stimuli decreased until the rate of its syn- 
thesis is equal to the rate of release. 

This theory is applied to myasthenia graphically 
in Figure 9, The decline in acetylcholine released 
toward a constant output is represented by the 
solid lines. The brief superimposed facilitation 
process is indicated by the broken lines. In the 
normal state, all of the innervated muscle fibers 
respond even when the amount of acetylcholine 
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The preparation of purified antigenic materials 
from cultures of Ebcrlhclla typhosa (1, 2) has 
demonstrated tliat substances of relative purity, 
and high antigenic and toxic actirity, may be iso- 
lated for study. In investigations utilizing a sjm- 
thetic medium for the culture of E. typhosa (3), 
which eliminates the possibility of non-specific 
contaminating materials (derived from the culture 
medium), a toxic, antigenic material has been 
isolated which has been extensively studied. This 
material acts as a complete antigen, giving rise to 
the formation of agglutinins (4), precipitins (4), 
bactericidal antibodies (5), and mouse-protective 
antibody (6). Possessing marked toxicity, it 
kills mice, rabbits, and guinea pigs with relatively 
small doses (4) . A study of the tissues obtained 
from animals receiving intravascular injections of 
the material has showm pathological changes in- 
volving the heart muscle, lung, liver, spleen, bone 
marrow, and vascular bed (7). On intravenous 
injection in rabbits, the material induces a pro- 
noimced leukopenia and a marked temperature 
nse (4). Because of these properties it was de- 
sired to determine, insofar as possible, whether 
the material might exhibit similar effects following 
intravenous injection into patients for the purpose 
of inducing therapeutic febrile reactions. ' 

MATERIALS AND METHODS 
Preparation of antigen 

, the technique previously described (3, 4) 

involving repeated precipitations with alcohol and resus- 
pension in water, an antigenic material was obtained from 
cultures of E. typhosa grown in a liquid medium which 
insisted only of ingredients removable by dialysis (3). 
The material which contained the O and Vi antigens 
possessed all the properties exhibited by that previously 
studied (4). The stock solution of antigen was made up 


in distilled water and stored in the refrigerator for over 
a year. During this time no loss of activity was ob- 
seived. From this stock solution containing 1 mgm. per 
cc. of the antigen, successive dilutions were prepared in 
physiologic saline for intravenous administration. 

Methods of administration 

The patients selected for this study represented 11 cases 
of asj-mptomatic neurosjTihilis, and 1 normal persom 
The group included 7 males and 5 females. The injec- 
tions were administered intravenously into the median 
basilic vein. Observations on temperature, pulse, and 
respiration were recorded at hourly intervals. 

Hematological determinations 

At hourly intervals after the injections, total and dif- 
ferential leukocyte counts were made on capillary blood 
obtained from a finger. At certain intervals, erythrocs-te 
counts and hemoglobin (Sahli) determinations were car- 
ried out. On several patients, repeated determinations 
of the sedimentation rate were made, using 15 cc. of blood 
to which was added 02 cc. of 20 per cent potassium 
oxalate. This blood was placed in a Cutler tube and the 
rate of sedimentation recorded. The tube was then placed 
in the centrifuge and spun at 2500 r.pm. for 45 minutes. 
The volume of packed cells was then measured with 
calipers and expressed as a percentage of the total volume 
in the tube. 

Chemical determinations 

Hourly measurements of certain constituents of the 
blood were made following the administration of various 
amounts of the antigen, using oxalated blood prepared by 
adding 02 cc, of 20 per cent potassium oxalate to 15 ca 
of blood. Total proteins were determined by the falling 
drop method (8), urea nitrogen determinations were ob- 
tained by the method of Karr (9), and creatinine by the 
technique of Folin and Wu (10). Blood glucose values 
were obtained using the method of Folin and Wu (11), 
chlorides by that of Whitehom (12), and the carbon 
dioxide combining power of the plasma by the technique 
of Van Slyke and Cullen (13). Throughout the 12 hours 
of experiment, the patients received only water. 
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5, The evidence indicates that in certain indi- 
viduals the thymus plays an important role in the 
pathogenesis of myasthenia gravis. The changes 
after thymectomy indicate an increase in the 
amount of transmitter substance available at the 
neuromuscular junction. 
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disturbing. After several injections, in each of 
wliich the dosage was doubled, it became possible 
to increase subsequent doses fivefold without caus- 
ing severe reactions. An intctwal of at least one 
day uTLS allowed between each injection. Some 
patients became capable of tolerating as much as 


0.5 mgm. in a single injection, following gradual 
increase of dosage over a period- of several weeks. 
This increase proved necessary to obtain ade- 
quate febrile responses, because the patients de- 
veloped a tolerance to the antigen after repeated 
injections of amounts which previously had been 



Fig. 1. T-jmcAL Febrile and Leukocyte Responses Following Injection of Antigen 
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Agghdimiis 

At certain periods, feerum was obtained from the pa- 
tients just before the subsequent injection, and its titer 
of antibody measured by agglutination, precipitation and 
bactericidal • tests. Alcohol treated bacterial suspensions 
of E. typhosa strain 0901, and serial dilutions of the scrum 
in a macroscopic test, were used to measure the titer of 
0 agglutinins. H agglutinins were assayed by means of 
a suspension of the H901 strain of E, typhosa to which 
0.2 per cent formalin was added. A rough strain of E, 
typhosa containing the Vi antigen was used in a saline 
suspension to test for the presence of Vi agglutinins. 
These tests were read after incubation for 2 hours at 
37° C. and after remaining overnight in the refrigerator. 
The titers were recorded as the highest dilution producing 
a reaction in a series graded from + to -f--h++. 

Prccipithis 

These tests were carried out by the ring technic. Un- 
diluted serum was placed in a series of tubes over which 
were layered dilutions of the antigen in saline. The tests 
were read after 1 hour at room temperature (20 to 24° 
C). 

Bactericidal antibodies 

The determinations of bactericidal antibody were made 
by means of a technique previously described (5) in 
which measured amounts of the serum dilutions, diluted 
broth culture of the strain of E. typhosa from which the 
antigen was prepared, and 0.25 cc. of diluted guinea pig 
serum were added to a series of small Pyrex glass tubes. 
After these tubes were sealed in an oxygen-gas flame, 
they were placed at 37° C. in a rotating device which 
turned at the rate of 7 to 8 revolutions per hour. Twenty- 
four hours later the contents of the tubes were distributed 
over the surfaces of infusion agar plates, which were then 
incubated at 37° C. for 48 hours. The titer was taken 
as the highest dilution which killed all of the organisms 
added to the tube. In each experiment, suitable controls 
were included to reveal any inhibition of bacterial growth 
alone attributable to the antiserum or the diluted guinea 
pig serum. For each patient, the bactericidal tests per- 
formed on the 2 serum samples were carried out simul- 
taneously to avoid differences due to variations in the 
materials used, i.c., complement and bacterial culture. 

EXPERIMENTAL 

1. Determination of the effeetive dose and 
subsequent rejections 

Because previous experiments with animals had 
shown that the antigen was toxic in very small 
amounts (4), the small initial dose of 0.0001 mgm. 
of antigen in 1 cc. of saline -was administered. 
Following this injection, a rise in rectal tempera- 
ture to levels vaiynng from 100.2 to 101.8° F. oc- 


TAULE I 


Temperature and agglutinin response to initial ani 
subsequent antigen injections 


Patient 

Date 

Dose 

Maximum 
tempera- 
ture — 
rectal 

0 agglu- 
tinin titer 
dilution 
of serum 



mnm. 



1 

January 28, 1941 

0.0001 

100.2°F. 


2 

October IS, 1940 

0.0001 

100.2 



October 22, 1940 

0.004 

101.8 



October 23, 1940 

0.01 

104.4 



October 25, 1940 

0.01 

102.4 



October 26, 1940 

0.01 

102 



October 28, 1940 

0.01 

102.2 



October 29, 1940 

0.01 

101.4 

1 ; 8192 

3 

December 9, 1940 

0.0001 

100.6 

1:16 


December 20, 1940 

0.05 

103.8 

1 :32 


December 23, 1940 

0.1 

106.6 

1 : 256 


December 26, 1940 

0.1 

103 

1 : 256 


December 27, 1940 

0.1 

102.6 

1 : 512 

4 

November 6, 1940 

0.0001 

101.6 

0 


November 15, 1940 

0.04 

103.4 

1 : 4095 


November 17, 1940 

0.1 

105.2 

1 : 8192 


November 19, 1940 

0.1 

104.4 



November 21, 1940 

0.3 

105.8 

1 : 4Uyo 


November 23, 1940 

0.3 

104.6 ■ 


S 

February 4, 1941 

0.0002 

100.2 

1 :20 

6 

November 25, 1940 

0.0002 

100.4 

1:8 


November 26, 1940 

0.001 

103.0 



November 28, 1940 

0.005 

103.2 



November 30, 1940 

0.01 

104.2 

I ; 1*0 


December 3, 1940 

0.05 

101.4 



December 6, 1940 

0.1 

102.6 

1 : oW 


March 7, 1941 

0.01 

102.8 



October 17, 1941 

0.03 

103 



January 28, 1942 

0.05 

105 

1 : oi* 

7 

June 18, 1941 

0.0002 

101 

0 

n 


-June 20, 1941 

0.02 

105 

U 

i . C17 


June 23, 1941 

0.02 

103 

1 . 7048 


June 25, 1941 

0.1 

102.4 

i . 7048 


July 1, 1941 

0.5 

105.2 



July 3, 1941 

0.5 

101.6 


8 

April 17, 1941 

0.0002 

101.8 

0 

9 

June 25, 1941 

0.0005 

101.2 

1:8 

10 

November 3, 1940 

0.001 

102.6 

0 

11 

January 22, 1941 

0.001 

101 

0 . 


curred. Doubling this dose on the following iR 
jection caused a rise to values of 100.2° to 10 • 
F. One patient was given 0.005 mgm. and 2 were 
given 0.01 mgm. as the initial dose (Table )• 
The temperatures rose to 101° F. and 102.6 
respectively. 

From this data it is evident that an initial ose 
of less than 0.001 mgm. proved quite safe and t a 
the systemic reactions which occurred were no 
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especially the stab and segmented forms. An 
occasional metamyelocyte was seen. 

During the first hour after the injection, usually 
the period of leukopenia, the stab cells showed a 
slight increase, with a subsequent sharp rise dur- 
ing the second hour to a level 2 to 4 times that 
of the first hour (Table III and Figure 1). This 
level was maintained and was even increased as 
long as the leukocjiosis persisted, with a return 
towards tlic original level as the total leukocyte 
count fell to normal values. If the patient had 
received a series of consecutive injections, the stab 
cell count was high originally and tended to re- 
main above its initial level, even though the total 
leukocyTe count was approaching pre-injection 
lvalues, as is shown in the case of patient 7 (Table 
III). With the larger doses of antigen, the reac- 
tion was accompanied with a more marked leuko- 
cjTosis and a correspondingly higher stab cell 
count. 

The segmented cells showed a definite decrease 
during the first hour which was roughly propor- 
tional to the degree of leukopenia (Figure 1). 


This was followed by an hourly increase which 
more or less paralleled the total leukocyte count, 
with the highest values for segmented cells being 
attained in 8 to 15 hours during the height of 
the leukocytosis. The restitution to normal levels 
was more rapid than that in the case of the stab 
cells, but was influenced by the same factors. 

Both stab and segmented forms revealed toxic 
granulation of the cytoplasm which was more, 
marked with larger amounts of the antigen. The 
preponderance of the stab cells was similar to that 
seen in the blood picture of patients with typhoid 
fever (14). 

During the first hour (leukopenic phase) there 
was little change in the number of lymphocytes, 
with a resultant relative increase; this was in 
marked contrast to the changes described in the 
numbers of stab and segmented leukocytes. How- 
ever, there was a sudden decrease beriveen the 3rd 
to 6th hours with a subsequent gradual increase 
reaching normal or somewhat greater values dur- 
ing the phase of leukocytosis as seen in Table III 
and Figure 1. 


TABLE ni 


Diferential Uukocylic count. Changes in metamyelocytes, slab cells, segmented cells and lymphocytes 


Hours 

Total white 
count 

Metamyelocytes 

Stab cells 

Segmented cells 

Lymphocytes 


Number 


Number 


Number 


Number 

Patient 1 

Per mm.* 

per uni 

Per mm.* 

per cent 

per mm.* 

per cent 

per mm.* 

per cent 

Per mm.* 

0 

6500 



6 

390 

43 

2795 

49 

3185 





0.12 mgm. antigen intravenously 



1 




13 

728 

33 

1848 

54 

3024 

2 


1 

79 

37 

2923 

48 

3792 

14 

1106 

3 

6300 



47 

2961 

41 

2583 

12 

756 

4 




37 

2923 

56 

4424 

6 

474 

5 




34 

2788 

58 

4756 

8 

656 

• 6 




42 

4158 

52 

5148 

6 

594 

7 

HE 



30 

4110 

61 

8357 

8 

1096 

9 




39 

9945 

54 

13770 

6 

1530 

11 

27600 



10 

2760 

78 

21528 

12 

3312 

13 

24900 



13 

3237 

76 

18924 

11 

2739 

IS 

21400 



11 

2354 

69 

14766 

20 

4280 

28 

IISOO 



5 

550 

77 

8470 

18 

1980 

30 

9800 



8 

784 

65 

6370 

27 

2646 

Patient 7 










0 

5400 



22 

1188 

47 

2538 

27 

1458 





0.02 

mcTO. antigen intravenously 



2 

6400 



39 

2496 

39 

2496 

17 

1008 

4 

11800 

1 

118 

48 

5664 

39 

4602 

12 

1416 

6 

11000 

4 

440 

40 


S3 


3 

330 

8 

24800 



49 

12152 

44 


7 

1736 

12 


1 

298 

55 


35 


8 

2384 

14 




45 

12645 

31 

8711 

21 

5901 

24 


1 

107 

47 

5029 

37 

3959 

13 

1391 

30 




36 

3852 

35 

3745 

23 

2461 

35 

13800 



33 

4554 

50 

6900 

17 

2346 
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TABLE II 

Changes in Icuhocylc count following injection of antigen 
Patient 8 


Date 

Dose 

Leukocyte count at hourly Intervals 
following injection 

Maximum leukocyte 
count 

Restoration to normal 
leukocyte count 


Time 

after injection 


Time 

after injection 


ingw*. 


tier mmS 


per rnmS 

hours 

per tnm.“ 

hours 



0 

1 

2 

3 





April 17, 1941 

Iw 'I'M 

7200 

4200 

4000 

4400 

13500 

6 

1 1 n 

12.5 

April 18, 1941 

Kijii wfifl 

4200 

2000 

2600 

7600 

15000 

7 


14 

April 23, 1941 


5400 





4.5 

if SI 

6.5 

April 25, 1941 


4800 

2200 

6600 

7200 

■ttlHlM 

10 

1 Sn 

24 

April 30, 1941 

0.03 

6000 

2200 

7000 

6800 

37500 

12 

10000 

28 

May 2, 1941 

0.03 

7200 


3600 

8000 

32000 

8 

10400 

24 


adequate. The data in Table I illustrate this de- 
creasing response which was particularly striking 
in patients 3 and 7. Tolerance developed upon 
repeated injections regardless of the increase of 
the amount administered in a single injection. 
The data on patient 6 indicates, however, that 
the refractory state was maintained only by con- 
tinued injections. The reactions to reinjection at 
considerable intervals of time in this patient also 
suggest , that the antibody titer is not closely cor- 
related with this resistant state, since the titer 
remained considerable at a time when the patient 
developed febrile reactions of 103° and 105° F., 
following injections (Table I). 

2. Systemic reactions following injections 

When an effective dose was administered, the 
symptoms elicited were quite uniform. Within 
30 to 40 minutes following the injection, the pa- 
tient experienced a chilly sensation which culmi- 
nated in a definite rigor of varying intensity which 
lasted from 25 to 35 minutes. This was followed, 
by generalized aching sensations, which at times 
were accompanied by localization of pain in some 
part of the body such as the head, legs, or back. 
Nausea and occasional vomiting also accompanied 
these symptoms. Within the first hour, the tem- 
perature rose above 100° F., reaching its fastigium 
in 2 to 3 hours and falling to 100° F., or less, 
within 7 to 8 hours. The pulse and respiration 
showed a corresponding rise. A typical tempera- 
ture curv'e is presented in Figure 1. 

Perspiration made its appearance during the 
height of the fever and continued for 2 or 3 hours. 


This was followed by a feeling of fatigue, exhaus- 
tion and a diminution in the intensity of the other 
symptoms. 

3. Alterations in the cellular compotients of iitc 
blood following injection 

a. Total leukocyte counts. The total leukocyte 
count followed a characteristic pattern in part 
dependent on the amount of antigen administered. 
With an effective dose, a definite fall in the leuko- 
cyte count occurred during the first 2 hours. The 
degree of leukopenia was proportional to the 
amount of antigen injected. Again with st- 
peated injections, as in the case of the febrile 
reaction, larger amounts of antigen were required 
to produce a leukopenia of the same degree., A 
representative protocol is presented in Table H- 

Following the leukopenia, a gradual increase m 
the number of leukocytes occurred until the count 
returned to its normal level after 3 to 4 hours. 
Subsequently, a leukocytosis was observed within 
9 to 12 hours (Figure 1). The count then de- 
creased until the normal level was again reached. 
The time required for the development of leuko- 
cytosis and subsequent return to the normal state 
appeared to be proportional to the dosage. Total 
white counts of 30,000 per mm.®, or higher, were 
not uncommon, and some values as high as 67,000 
per mm.® were obtained. When such pronounced 
leukocytosis occurred, the return to a normal level 
required a longer time interval (Table II). 

b. Differential leukocyte counts. The cellular 
responses described were largely due to changes 
in the numbers of polymorphonuclear leukocytes, 
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the median basilic vein, on several patients, which 
)‘ieldcd ralues with ^nations within experimental 
error. 

c. Hemoglobin and erythrocytes. The erj'thro- 
cjdes and hemoglobin failed to show any definite 
change following a single injection, but after re- 
peated doses, however, several of the patients 
showed a definite reduction in both hemoglobin 
and red cells. Such changes have been described 
in t\-phoid fever bj* Holmes (15). In addition to 
the otlier determinations, the volume of packed 
cells was followed tliroughout the paroxysm in 
order to detect any changes due to fluid loss pro- 
duced by the perspiration and vomiting. No sig- 
nificant alterations were obser\’ed. However, pa- 
tients were allowed to partake of fluids at will, 
though the fluid intake was usually minimal be- 
cause of the nausea so frequently present. The 
sedimentation rate of the erji:hroc}i;es was fol- 
lowed during the period of observation of the pa- 
tients and particularly during the administration 
of the antigen. Following the initial administra- 
tion of antigen, the sedimentation rate rose appre- 
ciably. This elevation was maintained and often 
increased by subsequent administration. Starting 
with an elevated rate, little or no variation was 
noted in the rate, by hourly determinations during 
the paroxysm. Data typical of the series are 
presented in Table IV. 

4. Chemical changes in the blood 

In summarizing the changes in the chemical 
constituents of the blood, it may be said that there 
was a slight to moderate immediate reduction in 
the values of blood glucose and a subsequent rise 
m 5 to 7 hours to levels above the initial values, 
in most cases. The patients showed some reduc- 
tion in the values for blood chlorides and in the 
carbon dioxide combining power of the plasma. 
These data are summarized in Table V. There 
were no significant variations in the values for 
total protein, urea nitrogen, or creatinine. 

•5. Immunologic responses to the injections 

O agglutinins were demonstrable as early as the 
5th day after the initial injection, and reached 
their maximum titer at about the end of the 2nd 
iveek (Figure 2). This level was approximately 



DAYS FOLLOWING FIRST INJECTION 
OF ANTIGEN 

Fig. 2. Agglutd-'in Titers ix Patients Following 
THE Injection of Antigen 

maintained for considerable periods of time, as 
demonstrated in patients 1, 6, and 7. In several 
instances in which the sera of patients were re- 
tested 6 weeks after the last injection of antigen, 
only a small decrease in the titer was noted. Vi 
agglutinins were present in most instances. H 
agglutinins were not detected. 

The precipitin titers were performed at less fre- 
quent intervals but bore evidence to a good anti- 
genic response by attaining values which ranged 
from 1 : 10,000 and 1 : 100,000 dilutions of antigen 
(Table VI). 

Since previous experiments (5) had indicated 
that the intravenous injection of the antigen re- 
sulted in the formation of bactericidal antibodies 
for E. typhosa, the sera of patients were tested for 
their presence. Progressive development of high 
titers was demonstrated (Table VI). Figure 3 
presents a correlation of these various antibody 
titrations with the dosage of antigen administered 
in case 7. Table VI summarizes antibody titers 
and total dosage of antigen administered. 
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TABLE IV 


Sedimentation rate following the injection of the antigen 


Patient 

Date 

Dose 

Injection 

number 

Sedimentation rate of blood drawn at hourly intervals 

0 

1 

1 ^ 

3 

4 

5 

6 

7 



mgm. 


1 



mm. per hour 




1 

February 11, 1941 

0.12 

7 

19 

19.5 

20 1 

18 

20.5 

20 

20 

21 


February 18, 1941 

0.5 

9 

23 

25 

23 i 

22 

22.5 

24 

23.5 

I9.S 


February 25, 1941 

0.6 

11 

26.5 

28 

29 

27.5 

28 1 

27 

26 

28 

7 

June 20, 1941 

0.02 

3 

21 

18 

17.5 

16.5 

17.5 

17,5 

18.5 

18 


July 1, 1941 

0.5 

6 

21 

21 

18 

19 

17 

17 I 

1 

16 

18 

12 

January 22, 1942 

0 

0 

2.0 









January 24, 1942 

0.001 

1 

15 









January 27, 1942 

0.01 

2 

17 1 









February 2, 1942 

0.2 

3 

IS 









February 13, 1942 

0.8 

10 1 

IS 









The monocytes and basophiles showed no out- 
standing changes. Eosinophiles were constantly 
absent during the phase of the leukocytosis. 


To check the determinations, simultaneous 
leukocyte counts were made on blood obtained 
from the finger and oxalated blood obtained from 


TABLE V 


Fasting blood glucose, chlorides, and carbon dioxide combining power of the plasma, following the administration of antigen 


Patient 

Date 

Antigen 

Glucose at hourly intervals 




0 

1 

2 

3 

4 

5 

6 

m 



mgm. 




mgm. per 100 cc. of blood 



1 

February 11, 1941 

0.12 

90 

83 

90 

95 

95 

95 

95 

100 


February 18, 1941 

0.5 

100 

83 

95 

95 

100 

95 

95 

95 


February 25, 1941 

0.6 

100 

80 

83 

86 

100 

100 

133 

100 

7 

June 20, 1941 

0.02 

95 

80 

68 

83 

90 

100 

100 

111 


July 1, 1941 

0.5 

86 

73 

36 

36 

34 

40 

50 

60 

8 

April 25, 1941 

0.006 

90 

86 

95 

111 1 

118 

118 

125 

118 


April 30, 1941 

0.03 

95 

80 

95 

111 

111 

118 

111 

111 

9 

July 18, 1941 

0.1 

80 

77 

68 i 

68 

80 

77 

77 

100 



■■ 




Sodium chloride 






ipumi 




mgm. per 100 cc. of blood 



1 

February 11, 1941 


492 

463 

454 

471 

500 

394 

437 

496 


February 18, 1941 


484 

474 

412 

446 

480 

480 

446 i 

4'28 


February 25, 1941 


528 

462 

462 

462 

363 

412 


445 

7 

June 20, 1941 

0.02 

528 

495 

495 

544 

511 

478 

478 

495 


July 1, 1941 

0.5 

495 

412 

472 

511 

462 

445 1 

445 

495 

8 

April 18, 1941 

0.0006 

493 

435 

464 

551 

435 i 

450 i 

435 

449 


April 25, 1941 

0.006 

560 

495 

528 

478 

511 

495 

495 

495 


April 30, 1941 

0.03 

560 

511 

528 

495 

495 

495 

495 

478 

9 

July 18, 1941 

0.1 

478 

495 

478 

462 i 

1 

445 

462 

462 

429 






Carbon dioxide combining power 








cc. CO} per 100 cc. of plasma 



1 

February 25, 1941 

0.6 

46.6 

] 


44,7 




39.0 

7 

June 20, 1941 

0.02 

55.3 




44.8 





Julv 1, 1941 

0.5 

46.6 

1 


33.4 




37.1 

8 

April 18, 1941 

0.0006 

46.6 

i 


40.9 




37 


April 25, 1941 

0.006 

44.7 



46.6 

[ 





April 30, 1941 

0.03 

44.7 




46.6 



4v.y 

9 

July 18, 1941 

0.1 

46.6 



45.7 




44./ 
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the median basilic vein, on several patients, which 
jaelded ^•alues with variations within experimental 
error. 

c. Hcuwglohin and erythrocytes. The erj-thro- 
cj-tes and hemoglobin failed to show any definite 
cliange following a single injection, but after re- 
peated doses, however, several of the patients 
showed a definite reduction in both hemoglobin 
and red cells. Such changes have been described 
in tj-phoid fever by Holmes (15). In addition to 
the other determinations, the volume of packed 
cells was followed throughout the paroxysm in 
order to detect any changes due to fluid loss pro- 
duced by the perspiration and vomiting. No sig- 
nificant alterations were observed. However, pa- 
tients were allowed to partake of fluids at will, 
though the fluid intake was usually minimal be- 
cause of the nausea so frequently present. The 
sedimentation rate of the erjThrocytes was fol- 
lowed during the period of observation of the pa- 
tients and particularly during the administration 
of the antigen. Following the initial administra- 
tion of antigen, the sedimentation rate rose appre- 
ciably. This elevation was maintained and often 
increased by subsequent administration. Starting 
■with an elevated rate, little or no -variation -was 
noted in the rate, by hourly determinations during 
the paroxysm. Data typical of the series are 
presented in Table IV. 

4. Chemical changes in the blood 

In summarizing the changes in the chemical 
constituents of the blood, it may be said that there 
■n'as a slight to moderate immediate reduction in 
the values of blood glucose and a subsequent rise 
in 5 to 7 hours to levels above the initial values, 
in most cases. The patients showed some reduc- 
tion in the values for blood chlorides and in the 
carbon dioxide combining power of the plasma. 
These data are summarized in Table V. There 
were no significant variations in the values for 
total protein, urea nitrogen, or creatinine. 

5. Immunologic responses to the injections 

O agglutinins were demonstrable as earty as the 
5th day after the initial injection, and reached 
their maximum titer at about the end of the 2nd 
i^eek (Figure 2). This level was approximately 



DAYS FOLLOWING FIRST INJECTION 
OF ANTIGEN 

Fig. 2. Agglutixix Titebs ix Patiexts Followtxg 
THE IXJECnOX OF AxtIGEX 

maintained for considerable periods of time, as 
demonstrated in patients 1, 6, and 7. In several 
instances in which the sera of patients were re- 
tested 6 weeks after the last injection of antigen, 
only a small decrease in the titer was noted. Vi 
agglutinins were present in most instances. H 
agglutinins were not detected. 

The precipitin titers were performed at less fre- 
quent intervals but bore evidence to a good anti- 
genic response by attaining values which ranged 
from 1 : 10,000 and 1 : 100,000 dilutions of antigen 
(Table VI). 

Since previous experiments (5) had indicated 
that the intravenous injection of the antigen re- 
sulted in the formation of bacteriddal antibodies 
for E. typhosa, the sera of patients were tested for 
their presence. Progressive development of high 
titers was demonstrated (Table ^7I). Figure 3 
presents a correlation of these various antibody 
titrations with the dosage of antigen administered 
in case 7. Table \r[ summarizes antibody titers 
and total dosage of antigen administered. 
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antigen 





Bacletlddal 

liter 

Palienl 

Date blood 
was taken 

DiluUoa of 
scrum 

1 

lanuarj’ 30> 
February 25, 1941 

1 ;40 

1 : 20480 

2 

November 6, 1940 
April 28, 1941 

1 : 20480 

1 : 5120 

3 

December 9, 1940 
January' 18, 1941 

1 : 64 

1 ; 1024 

4 

November 6, 1940 
December 9, 1940 

0 

1 : 10240 

• 5 

February 6, 1941 
March 4, 1941 

1 : 128 

1 : 40960 

7 

June 20, 1941 

July 3, 1941 

1 :2 

1 : 20480 

8 

April 18, 1941 

May 29, 1941 

1 : 128 

1 ; 20480 

9 

■ June 25, 1941 

July 21, 1941 

1 : 160 

1 : 10240 


anilKtn 


Dilution of scrum 


Days be- 
tween 1st 
injection 
and 1st 
titer 


; 100 
; 100000 

; lOOOOO' 
: 10000 

: 10 
; 10000 


; 100000 

: 10 
; 100000 

; 100000 

: 10 
; 100000 

: 100 
; 100000 


1 ; 
1 : 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 


:4 

:2048 

: 4096 
: 1024 

:2 

;512 


VI 


4096 

;20 

:8192 

4096 

: 1024 
:8 

: 2048 


0 

1 : 16 

1:8 

1:2 

0 

1 : 16 
0 

1:8 

0 

1 : 16 


0 
1 : 

0 

0 

0 

0 


64 


2 . 
23 
0 
0 
2 
2 


Days be- 
tween l6t 
injection 
and 2nd 
titer 


27 
195 

40 

33 

28 
IS 
42 
26 


1st titer 


mgm. 

0.0006 


0.8076 

0.0000 

0.0000 

0.0002 

0.0022 

0.0002 

O.OOOS 


2nd titer 


mgm. 

1.6316 

0.8076 

0.6665 

0.9033 

0.0682 

1.1122 

0.0876 

0.4530 


it is released during the gro^vth of the 
bacillus again suggests that it might be re ate^ o 
the development of certain clinical manifestations 
of typhoid fever in patients, as was earlier pos u 
lated (4) on the basis of the animal expenmente. 

The most striking changes noted in the studio 
of the blood were the alterations in the tota an 
differential leukocyte counts. The leukopenia 
which developed in patients following a equa e 
dosage was due almost entirely to a decrease m 
the number of polymorphonuclear leukoc^es 
(Figure 1) . The subsequent return of the lei*o- 
cyte count to normal levels and the later deve op 
ment of a leukocytosis was due largely to a re ease 
of young polymorphonuclear leukocytes from a 
bone marrow. 

The mechanism of the production of the e o 
penia following the intravenous injection o ^ 
phoid bacilli in animals and man is a controversia 
matter. The conflicting theories and their sup- 
porting evidence have been summarized 
and Bryan (18) who discuss the possibility ttat 
the leukocytes are trapped in the vascular be o 
internal organs, as opposed to the view that e 


leukopenia may be due to the destruction of th^e 
cells ^The results of several mveshgahons (18) 
give’ evidence for such accumulation of poly- 
Sorphonuclear leukocytes within the vessels of 
the lung, spleen, and other organs of ammalj fol 
lowing the intravenous injection oj typhoid baci 
or toxic filtrates derived from cultures of • y 
phosa. These observations are “ ^ 

Lrlier findings of Pepper 

failed to show such accumulations. Pepper a 
Miller also stated that Ameth differential counts 
Ide during the leukocytosis, which superseded 
Te leukopeL. showed such a great increase m 
the numbers of young polymorphonuctor leuk^ 
^es as to suggest that at least part of 
leukocytes had not returned to the arculation A 
like situation was reported m the 
Cowie and Calhoun (16) and Perera ( 17 ) vho 
studied the changes in the leukocj^e count follow 
ing the intravenous injection of typhoid vacane 
nfo patients. Both of these authors report a 
“shift^ to the left” in the differential polymo^ho- 
nuclear leukocyte counts during the 
which suggests that the leukocjtosis is due to a 
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O 2 4 6 8 10 12 14 16 43 

DAYS FOLLOWING FIRST 
INJECTION OF ANTIGEN 

Fig. 3. Antibody Titers. Patient 7 


DISCUSSION 

The evidence presented demonstrates that the 
effects produced by the antigenic material, on in- 
travenous administration to patients, are the same 
as those previously reported following its admin- 
istration to animals (4) , in respect to the develop- 
ment of fever, leukopenia, and immunologic re- 
sponses as measured by the production of agglu- 
tinins, precipitins, and bactericidal antibodies. 


The reactions to the injection of this antigen an 
similar to those produced in patients by the intra 
venous injection of typhoid bacilli (16, 17). Tb 
effective dose in man proved to be considerab } 
smaller than in animals, since 0.0001 mgm. 
an initial response, whereas 0.01 to 0.05 mgm 
represented the usual, initial, effective dose foi 
rabbits (4). The capacity of the material to m^ 
duce these reactions and the demonstration tha 
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TABLE VI 


Bactericidal, precipitir., and annlutinin liters, follou’sng a series of injections of the antigen 




nnctrrJdtlnl , 
tUcr 

Precipitin 

titer 

AKBlutinIn 

liter 

Days be- 
tween 1st 
injection 
and 1st 
titer 

Days be- 
tween 1st 
injection 
and 2nd 
titer 

Accumulative dose 
of antigen at 

Patient 

Date bli»3 
was taken 

Dilution of i 

Dilution of j 

Dilution of serum 

jBt titer 

2nd titer 



fcnim ! 

nntlccn I 

0 

Vi 

1 

January 30, 194! 
February 25, 1941 

1 :40 

1 : 204 80 

1 : 100 

1 : 100000 

1:4 

1 : 2048 j 

0 

1 : 16 

2 . 

27 

mgm. 

0.0006 

mgm» 

1.6316 

2 

November 6, 1940 
April 28, 1941 

1 : 20480 

1 : 5120 

1 : 100000 
1 : 10000 

1 : 4096 

1 ; 1024 

1:8 

1 :2 

23 

j 

195 

0.8076 

0.8076 


December 9, 1940 
January’ 18, 1941 

1 : 64 

1 ; 1024 

1 : 10 

1 : 10000 

1 :2 

1 :512 

0 

1 : 16 

0 

40 

0.0000 

0.6665 

4 

November 6, 1940 
December 9, 1940 

0 

1 : 10240 

0 

1 : 100000 

0 

1 : 4096 

0 

1 :8 

0 

33 

0.0000 

0,9033 

• S 

February 6, 1941 
March 4, 1941 

1 ; 128 

1 : 40960 

1 ; 10 

1 : 100000 

1 ;20 

1 : 8192 

0 

1 : 16 

2 

j 

28 

0.0002 

0.0682 

1 

June 20, 1941 

July 3, 1941 

1 : 2 

1 : 20480 

0 

1 : 100000 

0 

1 : 4096 

1 0 

1 : 64 

2 

IS 

0.0022 

1 

1.1122 

8 

April 18, 1941 

May 29, 1941 

1 : 128 

1 : 20480 

1 : 10 

1 : 100000 

0 

1 : 1024 

0 

0 

1 

42 

0.0002 

0.0876 

9 

■ June 25, 1941 

July 21, 1941 

1 : 160 

1 ; 10240 

1 : 100 

1 : 100000 

1:8 

1 :2048 

0 

0 

0 

26 

0.0005 

0.4530 


it is released during the growth of the typhoid 
hadllus again suggests that it might be related to 
the development of certain clinical manifestations 
of typhoid fever in patients, as was earlier postu- 
lated (4) on the basis of the animal experiments. 

The most striking changes noted in the studies 
of the blood were the alterations in the total and 
differential leukocyte counts. The leukopenia 
which developed in patients following adequate 
dosage was due almost entirely to a decrease in 
the number of polymorphonuclear leukocytes 
(Figure 1). The subsequent return of the leuko- 
cyte count to normal levels and the later develop- 
ment of a leukocytosis was due largely to a release 
of young polymorphonuclear leidcocytes from the 
bone marrow. 

The mechanism of the production of the leuko- 
penia following the intravenous injection of ty- 
phoid bacilli in animals and man is a controversial 
matter. The conflicting theories and their sup- 
porting evidence have been summarized by Garrey 
and Bryan (18) who discuss the possibility that 
Ae leukocytes are trapped in the vascular bed of 
internal organs, as opposed to the view that the 


leukopenia may be due to the destruction of these 
cells. The results of several investigations (18) 
give evidence for such accumulation of poly- 
morphonuclear leukocytes within the vessels of 
the lung, spleen, and other organs of animals, fol- 
lowing the intravenous injection of typhoid bacilli 
or toxic filtrates derived from cultures of E. ty- 
phosa. These observations are in contrast to the 
earlier findings of Pepper and Miller (19) who 
failed to show such accumulations. Pepper and 
Miller also stated that Ameth differential counts 
made during the leukocytosis, which superseded 
the leukopenia, showed such a great increase in 
the numbers of young polymorphonuclear leuko- 
cj^es as to suggest that at least part of the mature 
leukocytes had not returned to the circulation. A 
like situation was reported in the experiments of 
Cowde and Calhoun (16) and Perera (17) who 
studied the changes in the leukocyte count follow- 
ing tlie intravenous injection of typhoid vacdne 
into patients. Both of these authors report a 
"shift to the left” in the differential polymorpho- 
nuclear leukocyte counts during tlie leukocytosis, 
which suggests that the leukocyTosis is due to a 
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release of young cells from the bone marrow. 
The striking increase in the numbers of stab forms 
of polymorphonuclear leukocytes, demonstrated in 
these experiments at a time when the leukocyte 
count had increased only to normal levels, indi- 
cates that this return to normal was not due to 
a release of adult cells that had been trapped in 
internal organs, but rather to an increased activity 
of the bone marrow, comparable to that previously 
described in animals that received injections of 
the antigenic material (7). Moreover, the recent 
experiments of Dennis and Senekjian (20), which 
show that a similar antigenic material isolated 
from cultures of E. typhosa has a selective de- 
structive action on polymorphonuclear leukocytes 
when added to human blood in vitro, further sup- 
port the hypothesis that these substances produce 
the leukopenia, at least in part, by the destruction 
of polymorphonuclear leukocytes. 

The blood picture following the injection of this 
antigenic material is similar to that described, by 
Schilling ( 14) in patients with typhoid fever, with 
its neutropenia, increased number of stab cells, 
and absence of eosinophiles. 

The failure of the injection of this material to 
affect appreciably most of the chemical constitu- 
ents of the blood is in agreement with the data of 
Perera (17), The tendency for the blood sugar 
to rise is similar to the observations by Delafield 
(21) that somatic antigens of the Salmonella 
group produce a hyperglycemia in animals. 

The immunologic responses of the patients to 
the injection of the antigen reveal that it has high 
potency as an antigenic agent and suggests that 
it might be of use in immunization. Studies are 
now in progress on a group of volunteers to eluci- 
date this property, and preliminary results (6) 
indicate that the material will prove of value. 
Again, as in the earlier experiments utilizing rab- 
bits (4), it is suggested that a high titer of circu- 
lating antibody is not correlated with resistance to 
the toxic effect of the antigen, as larger doses pro- 
duced toxic effects in the presence of very high 
antibody titers (Table I). A certain degree of 
resistance to the toxicity of the antigen developed 
following consecutive administration but injec- 
tions made several months later, as in the case of 
patient 6, produced febrile reactions of consider- 
able intensity at a time when the blood serum 
showed a significant titer of agglutinins. The 


significance of this observation that circulating 
antibody cannot be correlated with the resistance 
to toxicity has been previously discussed in detail 
with regard to the experiments utilizing rabbits 
(4). These observations may, in part at least, 
account for the seemingly paradoxical fact that 
symptoms of toxemia in typhoid fever persist in 
the presence of circulating antibody whether this 
be naturally present or introduced through the 
administration of antiserum. 

SUMMARY 

1. An antigenic material prepared from cultures 
of B. typhosa grown in a synthetic medium pro- 
duced chills, fever, perspiration, and muscular 
aching, following the intravenous injection of 
minute amounts in man. The severity of the xt; 
action was dependent on the amount of material 
administered. With consecutive injections, larger 
doses were required to produce similar systenuc 
reactions, indicating a tolerance to its toxicity. 

2. The injection of the material was followed by 
the development of a leukopenia which was al- 
most entirely due to a decrease in the numbers 
of polymorphonuclear leukocytes in the capillary 
blood. This leukopenia was followed by a return 
of the leukocytes to normal levels, and by a subse- 
quent leukocytosis in which the number of stab 
cells was markedly increased. 

3. No marked changes were observed in de- 
terminations of total protein, urea nitrogen, cre- 
atinine, chloride, glucose, and' carbon dioxide 
combining power of the blood, during and in the 
several hours following the reaction. The sedi- 
mentation rate of the erythroc 3 i:es rose after 
injections. 

4. Serological tests, following repeated injec- 
tions, revealed the production of high titers of 
agglutinins, precipitins, and bactericidal anti- 
bodies, which then remained at high levels for 
considerable periods of time. The titer of the cir- 
culating antibody did not seem to be closely re- 
lated to the development of tolerance to the tox- 
icity of the antigen. 

5. The possible relationship of these findings to 
certain of the manifestations of typhoid fever are 
discussed. 

The authors are grateful for the advice and constructive 
criticism of Dr. John F. Enders of the Department of 
Bacteriology of the Harvard Medical School. 
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Dcsoxycorticosteroiie acetate prolniig,<; tlic lives 
and restores many of tlie umetions of patients 
suffering from Addison’s disease and of adrenalec- 
toinized animals (1 to 5). The beneficial effects 
are related to the action on tiic kidneys which 
leads to excretion of potassium and retention of 
Sodium (1, 5). Clinical observations have sug- 
gested that injurious results due to the steroid 
mat appear along with the beneficial effects. 
^\l’ile receiving desoxycorticosterone acetate, cer- 
tain patients develop edema which has been at- 
tnbuted to excessive nephrogenic retention of 
sodium chloride and water (3, 5). Furthermore, 
a number of these patients have developed cardiac 
sjmptoms. including advanced congestive failure 
and enlargement of the Iieart by roentgenogram 
{ to 8). In some cases the cardiac decompensa- 
tion ttas regarded as a manifestation of previously 
listing disease of the heart which rvas aggravated 
r} a return of the blood pressure to normal or 
'g values (3). Certain authors have attributed 
rar lac failure to the added burden brought about 
' ^ ^ increased volume of circulating fluids which 
retention of sodium chloride by the kidneys has 
caused (5). ^McGavack (6) pointed out that 
continued treatment leads to low concentration of 
potassium in serum and that this abnormalitj' may 
heart failure. Since it is recog- 
ize that desoxycorticosterone acetate e.xerts lit- 
or none of the glycogenic function of the ad- 
t^hV ‘-rirtex, disturbances in carbohydrate nie- 
^ 0 ism might be anticipated in Addisonian pa- 
ents treated with the S 3 mthetic hormone (9). 
^ Jpoglycemia has been observ'ed but does not 
m to be an important factor except during pro- 
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longed fasting (9). Cardiac failure remains un- 
cxjilaincd and seems to be the chief untoward 
effect that accompanies the therapeutic use of 
dcsoxvcorticosterone acetate in Addison’s disease. 

In e.xperimental animals, repeated injections of 
the syntlietic compound lead to gross deficits of 
potassium and abnormal retentions of sodium in 
skeletal muscle (10, 11). These changes are 
])rol)a!)!\' a reflection of a tendenev- to develop low 
concentrations of potassium in serum (10, 11, 6). 
Increased urinarj' volume which is apparently 
brought about by increased thirst and drinking 
is a part of the picture (11 to 13). With pro- 
longed treatment with large doses in dogs, a pe- 
culiar muscular paralysis develops which is re- 
lieved by administration of potassium salts (11). 
The injection of desoxycorticosterone acetate has 
not been shown to produce cardiac symptoms in 
e.xperimental animals (14). 

On the other hand, diets low in potassium pro- 
duce the same changes in skeletal muscle as have 
been demonstrated after repeated injections of 
desoxjxorticosterone acetate (15, 16) and cardiac 
lesions are strikingly developed in rats (16 to 19), 
mice (20), and pigs (19), fed diets deficient in 
potassium. Certain observations (19) lead to the 
conclusion that a dietarj.- deficiency in pv-ridoxin 
plaved a role in the development of the cardiac 
lesions accompamdng diets low in potassium. 
The present paper reports work which demon- 
strates that cardiac lesions are produced by pro- 
longed injections of desoxxxorticosterone acetate 
in rats. The lesions are not prevented by a rela- 
tive excess of thiamin or pyridoxin in sv’nthetic 
diets, nor are the lesions aggravated by sub- 
optimal amounts of these vitamins in the diets. 
Analyses of muscle and serum are reported to 
show the effect of desoxycorticosterone acetate in 
rats. In cats and dogs, anah'ses of other tissues 
are given, with especial attention to the variations 
of potassium in the heart. 
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I'lfi. 2. Cakdiac Lesions Piioducei) iiv Injections ok Desoxycorticosterone Acetate 
Rat. 153. Fed Purina Fox Chow. Injected with 4 mgm. of desoxycorticosterone for 
30 days. 



Fio. 3. Cardiac Lesions Produced bv Injections of Desoxycorticosterone Acetate 
Cat 2. Received 8 mg. desoxycorticosterone acetate daily for 25 days. 
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METHODS 

White male rats weighing 200 to 350 grams were used. 
The desoxycorticosterone acetate was dissolved in warm 
alcohol and then precipitated by adding enough 5 per 
cent glucose or saline to' make a suspension in 5 per cent 
alcohol containing 2 mgm. of the synthetic hormone per 
ml. This mixture was injected subcutaneously in 1, 2, 
or 4 mgm. doses daily except Sundays. The rats were 
killed by withdrawing as much blood as possible from 
the abdominal aorta while the rat was under ether anes- 
thesia. Muscle or other tissue were removed immediately 
and analyzed as in previous studies (21). Scrum anal}'- 
scs were obtained from blood kept under mineral oil until 
separated from the erythrocytes. 

The stock rats were fed Purina Fox Chow and this 
diet was continued during many of the experiments. By 
analysis this food contains 15 millimoles of potassium 
per 100 grams. Two basic synthetic diets were used for 
rats. Diet A contained the following : vitamin free casein 
(Labco) 180 grams, sucrose 630, Crisco 100, cod liver oil 
10, liver B fraction 20, soya bean oil 20, salt mixture 40. 
To a kilogram of the diet the following vitamins were 
added : thiamin 20 mgm., riboflavin 20 mgm., nicotinic acid 
100 mgm., calcium pantothenate 20 mgm., and choHn 1 
gram. Three variations of the above were made: ( 1 ) no 
added pyridoxin (OB6), (2) 2 mgm. pyridoxin (NB6), 
and ( 3 ) 20 mgm. pyridoxin (HB6). The salt mixture 
gave 15 millimoles of potassium per 100 grains of diet. 


Diet A was intended to give liberal amounts of the vita- 
mins and study the effect of variations in pyrido.vin. 
None of the rats, even on the diet free of B6, showed 
acrodynia. This was jjrobably due to the presence of soya 
i)can oil (22). Diet B contained the following: Labco 
ca.sein 180 grams, sucrose 630, Crisco 100, cod liver oil 10, 
liv'cr B fraction 20, soya bean oil 20, salt mixture 40. The 
following vitamins were added to 1 kgm. : riboflavin 20 
mgm., nicotinic acid 100 mgm., calcium pantothenate 20 
mgm., pyrido.xin 20 mgm,, cholin 1 gram. To one lot, 2 
mgm. of thiamin were added (NBl), and to another, 0.5 
mgm. of thiamin (LBl). Diet B was intended to study 
the effects of low intakes of thiamin. The potassium 
content of this diet was 15 millimoles per 100 grams, 

The cats were fed canned salmon and milk. From 
analyses of the salmon, it was calculated that the intake 
of potassium was rather high, — about 11 millimoles per 
kilogram of cat. The dogs were given a sjmthetic diet 
low in potassium made up of casein, sugar, fats, vitamins, 
and a salt mixture free of potassium. The dog injected 
with dcsoxy'corticosteronc acetate received the regular 
kennel diet. 

RESULTS 

The photomicrographs illustrate the cardiac le- 
sions produced by injections of desoxycortico- 
sterone acetate (Figures 1, 2, 3). For compari- 
son, lesions produced by a diet low in potassnnii 
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Fio. 2. Cari)I.\c Lesions Prodlced iiv Injections ok Desox vcorticosterone Acetate 


Rat. 155. Fed Purina Fo.x Cliow. Injected with 4 mgm. of deso.xycorticosterone for 
30 days. 



Fro. 3 . Cardiac Lesions Produced by Injections of Desoxvcorticosterone .■Acetate 
Cat 2. Received 8 mg. desoxycorticostcrone acetate daily for 25 days. 
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Fig. 4. Cardiac Lesions Produced by a Diet Low in Potassium 
Rat M 42. Fed diet low in potassium for 69 days. Diet contains 1.6 niM. potassium 
and 18 mM. sodium per 100 grams. 


are also reproduced (Figure 4). Essentially, 
there are small or large areas of necrosis of cardiac 
muscle fibres which are replaced by fibrous con- 
nective tissue. There is no evidence of infiltra- 
tion by polymorphonuclear leukocytes. Skeletal 
muscle, diaphragm, and liver have been examined 
but do not show lesions. The kidney weights are 
increased (23) and the tubules enlarged, with 
multiplication of tubular cells. Both the heart 
and renal lesions cannot be distinguished from the 
lesions seen by us and others in rats fed a diet low 
in potassium (16 to 20). 

Cats 2 and 4 were examined histologically. 
Cat 2 showed typical lesions in the heart which 
are regarded as produced by the desoxycortico- 
sterone, in spite of the fact that this cat was suffer- 
ing from an infection and was very sick and re- 
fused to eat during the last 4 days of her life. 
Dogs 586 and 802 were examined histologically 
and showed no lesions in the heart. Tiie kidneys, 
however, of both the cats and dogs show lesions 
in the tubules like those seen in the rats, but much 
less marked. 

Table 1 shows the incidence of lesions in rats 


fed the various diets and injected with vaiious 
doses of desoxycorticosterone acetate. One tm 
mistakable area of replacement of musculature b) 
fibroblasts was considered sufficient to indicate 


table I 


Incidence of cardiac lesions 




Diet 

DOCA 

Number 

Number 

with 





rats 

lesions 

Kind* 

Vitamin^ 

mgm. 

days 


____ — 

P 


2 

14 

7 

1 

P 


2 

30 

12 

9 

P 


4 

30 

10 

9 

A 

OB6 

1 

30 

4 

1 

A 

OB6 

2 

30 

2 


A 

OB6 

4 

30 

2 

l 

A 

NB6 

2 

30 

4 


A 

NB6 

4 

30 

4 

i 

A 

HB6 

2 

30 

1 

•2 

A 

HB6 

4 

30 

3 

o 

9 

B 

LBl 

4 

30 

4 

9 

B 

NBl 

4 

30 

4 



* P indicates Purina Fox Chow; A and B, the sjnthc 


liets described under methods. , . ^ 

-The following vitamin supplements were ad 

[ilogram of diet: OB6, no pyridoxin; ^B6, 2 ’ -f,. 

doxin; HB6, 20 mgm. pyridoxin; LBl, 0.5 mgm. * ^ 

- - for composition oi 


IR1 


rttrrrri 


A and B. 
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tliat lesions were produced. In most instances, 
only one section was examined but experience 
with two separate imbeddings indicates that strik- 
ing lesions might be found in one section when 
absent in the other. Hence positive findings are 
more significant than negative findings. Although 
some hearts are ohHously more injured than 
otliers, we were unable to satisfy ourselves that 
we were justified in la3-ing emphasis on quantita- 
tive interpretation. The data Ynll, therefore, he 
considered merely on the basis of lesions found 
or not found. 

Of sections examined from 7 rats given 2 mgm. 
of desoxjxorticosterone acetate daily for 14 days, 
one showed lesions. In most experiments, the 
injections were continued for 30 or. 40 daj’s. 
Since no obvaous increase in the incidence of 
lesions developed between the thirtieth and for- 
tieth day and most of the experiments were run 
for 30 days, all the longer experiments are listed 
Rs injected for 30 days. For the prolonged pe- 
riod of injections, lesions were found in 34 of 50 
rats. Lesions were present when the daily dose 
was 1, 2, or 4 mgm. There was a suggestion that 
the lesions were more marked and more frequent 
m the rats given the larger doses. 

Because it has been suggested that the cardiac 
lesions produced by diets low in potassium are ag- 


gravated by a deficiency in pyridoxin, experiments 
were set up to test this possibility for the injury 
produced by injections of desoxycorticosterone 
acetate (A diets). The diets contained rather 
liberal amounts of added thiamin, riboflavin, nico- 
tinic acid, calcium pantothenate, cholin and liver 
B fraction. Diets were tested containing no pyri- 
doxin, an adequate, and a high level. Pyridoxin 
intake did not apparently affect the production 
of lesions. 

In the experiments of Thomas et al. (19) 
smaller doses of thiamin were given than the 
amount obtained from our A diets. These au- 
thors found evidence that the cardiac lesions pro- 
duced by diets low in potassium were aggravated 
by a deficiency in pyridoxin. The B diets were, 
therefore, made up to test whether minimal and 
suboptimal amounts of thiamin brought out more 
extensive lesions than those prewously obtained 
on the A diets. As may be seen from the table 
the level of intake of thiamin did not influence the 
cardiac lesions produced by prolonged injections 
of desoxycorticosterone acetate. 

Purina Fox Chow was supplemented in three 
ways by adding (J) 20 grams of soya bean oil, 
(2) 20 mgm. of pyridoxin, and (5) 20 mgm. of 
thiamin per kilogram of ground material. These 
results are not included in the tables. In each 


TABLE n 


Serum and muscle of rats 




Scrum 

Muscle per 100 grams fat free soKds 


Num- 
ber of 
rats 

per 100 ml. 

per L. 

I)er L. 

filtrate 

H:0 

Cl 

B 



N 



HsO 

K 

Cl 

Na 



Normal 

13 

grams 

92.5 

±0.6 

mH. 

4.0 

±0.8 

mM. 

113.0 

±3.3 

wiir, 

146.9 

±3.0 

grams 

341 

±6.6 

mJf. 

7.2 

0.5 

mil. 

10.0 

0.6 

mil. 

48.9 

±0.6 

mil. 

33.4 

±1.5 

grams 

14.8 

±0.3 

DOCA 10 

21 

94.1 

±0.6 

3.39 

±0.8 

109.9 

±3.1 

150.0 

±6.2 

332 

±9.0 

6.27 

±0.7 

14.4 

±1.5 

41.6 

±2.4 

32.0 

±1.1 

15.4 

±0.1 

DOCA 30 

21 

94.1 

±0.8 

4.23 

±1.1 

104.7 

±4.9 

149.7 

±4.7 

332 

±8.7 

6.48 

±0.7 

16.6 

±2.0 

38.4 

±2.5 

32.1 

±0.9 

15.3 

±0.3 

LK 14 

1 

15 

93.2 

±1.2 

4.5 

±0.8 

113.4 

±2.5 

146.3 

±5.4 

327 

±5.5 

6.3 

±0.7 

11.8 

±0.8 

40.3 

±2.1 

31.3 

±0.7 

15.2 

±0.2 

C.E. 31 

1 

93.9 


111 

149 

329 

6.0 

10.9 

43.0 


15.3 


In this and subsequent tables, average ± standard deviations are given. 
DOCA 10 — rats getting 2 mgm. desoxj'corticosterone for 10 to 14 days. 
DOCA 30 — rats getting 2 or 4 mgm. d^xj-corticosterone for 30 days. 

LK 14 — rats getting Tow potassium diet for 14 days. 

C.E. 31 — rat getting 4 cc. Upjohn’s adrenocortical extract for 31 da>’s. 
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Fig. 4. Cardiac Lesions Produced by a Diet Low in Potassium 
Rat M 42. Fed diet low in potassium for 69 days. Diet contains 1.6 niM. potassium 
and 18 mM. sodium per 100 grams. 


are also reproduced (Figure 4). Essentially, 
there are small or large areas of necrosis of cardiac 
muscle fibres which are replaced by fibrous con- 
nective tissue. There is no evidence of infiltra- 
tion by polymorphonuclear leukocytes. Skeletal 
muscle, diaphragm, and liver have been examined 
but do not show lesions. The kidney weights are 
increased (23) and the tubules enlarged, with 
multiplication of tubular cells. Both the heart 
and renal lesions cannot be distinguished from the 
lesions seen by us and others in rats fed a diet low 
in potassium (16 to 20). 

Cats 2 and 4 were examined histologically. 
Cat 2 showed typical lesions in the heart which 
are regarded as produced by the desoxycortico- 
sterone. in spite of the fact that this cat was suffer- 
ing from an infection and was very sick and re- 
fused to eat during the last 4 days of her life. 
Dogs 586 and 802 were examined histologically 
and showed no lesions in the heart. The kidneys, 
however, of both the cats and dogs show lesions 
in the tubules like those seen in the rats, but much 
less marked. 

Table I shows the incidence of lesions in rats 


fed the various diets and injected with various 
doses of desoxycorticosterone acetate. One un 
mistakable area of rei4acement of musculatuie b} 
fibroblasts was considered sufficient to indicate 


table I 

Incidence of cardiac lesions 


Diet 

DOCA 

Number 

of 





rats 

Kind* 

Vitamin^ 

mgm. 

days 



p 


2 

14 

7 

p 


2 

30 

12 

p 


4 

30 

10 

A 

OB6 

1 

30 

4 

A 

OB6 

2 

30 

2 

A 

OB6 

4 

30 

2 

A 

NB6 

2 

30 

4 

A 

NB6 

4 

30 

4 

A 

HB6 

2 

30 

1 

A 

HB6 

4 

30 

3 

B 

LBl 

4 

30 

4 

B 

NBl 

4 

30 

4 


Number 

with 

lesions 


■ 1 111U1L.C1LC3 A ui mti A 

liets described under methods. . . . _ g 

= The following vitamin supplements were aoaeu 

:iIogram of diet: OB6, no pyridoxin; 2 ^ ; ’ .jg; 

idoxin; HB6, 20 mgm. pyridoxin; LBl, 0.5 ‘ \ 

fBl, 2 mgm. thiamin. See te.xt for cornpos.t.on 

t and B. 
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that lesions were produced. In most instances, 
onl}' one section was examined but experience 
m'tli two separate imbeddings indicates that strik- 
ing lesions might be found in one section when 
absent in the other. Hence positive findings are 
more significant than negative findings. Although 
some hearts are obviously more injured than 
others, we were unable to satisfy ourselves that 
we were justified in lajdng emphasis on quantita- 
tive interpretation. The data will, therefore, be 
considered merely on the basis of lesions found 
or not found. 

Of sections examined from 7 rats given 2 mgm. 
of desoxj’corticosterone acetate daily for 14 days, 
one showed lesions. In most experiments, the 
injections were continued for 30 or. 40 days. 
Since no obvious increase in the incidence of 
lesions developed between the thirtieth and for- 
tieth day and most of the experiments were run 
for 30 days, all the longer experiments are listed 
as injected for 30 days. For the prolonged pe- 
riod of injections, lesions were found in 34 of 50 
rats. Lesions were present when the daily dose 
■was 1, 2, or 4 mgm. There was a suggestion that 
the lesions were more marked and more frequent 
in the rats given the larger doses. 

Because it has been suggested that the cardiac 
lesions produced by diets low in potassium are ag- 


gravated by a deficiency in pyridoxin, experiments 
were set up to test this possibility for the injury 
produced by injections of desoxycorticosterone 
acetate (A diets). The diets contained rather 
liberal amounts of added thiamin, riboflavin, nico- 
tinic acid, calcium pantothenate, cholin and liver 
B fraction. Diets were tested containing no pyri- 
doxin, an adequate, and a high level. Pyridoxin 
intake did not apparently affect the production 
of lesions. 

In the experiments of Thomas et al. (19) 
smaller doses of thiamin were given than the 
amount obtained from our A diets. These au- 
thors found evidence that the cardiac lesions pro- 
duced by diets low in potassium were aggravated 
by a deficiency in pyridoxin. The B diets were, 
therefore, made up to test whether minimal and 
suboptimal amounts of thiamin brought out more 
extensive lesions than those previously obtained 
on the A diets. As may be seen from the table 
the level of intake of thiamin did not influence the 
cardiac lesions produced by prolonged injections 
of desoxycorticosterone acetate. 

Purina Fox Chow was supplemented in three 
ways by adding (1) 20 grams of soya bean oil, 
(2) 20 mgm. of pyridoxin, and (2) 20 mgm. of 
thiamin per kilogram of ground material. These 
results are not included in the tables. In each 


TABLE II 


Serum and muscle of rats 




Serum 

Muscle per 100 grams fat free solids 


Num- 
ber of 
rats 

per 100 ml. 

per L. 

per L. 

filtrate 

HiO 

Cl 

Na 

K 


N 



HjO 

K 

Cl 

Na 


Normal 

13 

erams 

92.5 

±0.6 

mil. 

4.0 

±0.8 

mil, 

113.0 

±3.3 

mif. 

146.9 

±3.0 

grams 

341 

±6.6 

mif. 

7.2 

0.5 

mif. 

10.0 

0.6 

mif. 

48.9 

±0.6 

mif, 

33.4 

±1.5 

grams 

14.8 

±0.3 

DOCA 10 

21 

94.1 

±0.6 

3.39 

±0.8 

109.9 

±3.1 

150.0 

i6.2 

332 

±9.0 

6.27 

±0.7 

14.4 

±1.5 

41.6 

±2.4 

32.0 

±1.1 

15.4 

±0.1 

DOCA 30 

21 

94.1 

±0.8 

4.23 

±1.1 

104.7 

±4.9 

149.7 

±4.7 

332 

±8.7 

6.48 

±0.7 

16.6 

±2.0 

38.4 

±2.5 

32.1 

±0.9 

15.3 

±0.3 

LK 14 

IS 

93.2 

±1.2 

4.5 

±0.8 

113.4 

±2.5 

146.3 

±5.4 

327 

±5.5 

6.3 

±0.7 

11.8 

±0.8 

40.3 

±2.1 

31.3 

±0.7 

15.2 

±0.2 

C.E. 31 

1 

93.9 


111 

149 

329 

6.0 

10.9 

43.0 


15.3 


In this and subsequent tables, average ± standard deviations are given. 
DOCA 10 — rats getting 2 mgm. desoxycorticosterone for 10 to 14 days. 
DOCA 30 — rats getting 2 or 4 mgm. desoxjxorticosterone for 30 days. 

LK 14— rats getting low potassium diet for 14 days. 

C.E. 31 — rat getting 4 cc. Upjohn’s adrenocortical extract for 31 days. 
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Fig. 4. Cardiac Lesions Produced bv a Diet Low in Potassium 
Rat M 42. Fed diet low in potassium for 69 days. Diet contains 1.6 niM. potassium 
and 18 niM. sodium per 100 grams. 


are also reproduced (Figure 4). Essentially, 
there are small or large areas of necrosis of cai'diac 
muscle fibres which are replaced by fibrous con- 
nective tissue. There is no evidence of infiltra- 
tion by polymorphonuclear leukocytes. Skeletal 
muscle, diaphragm, and liver have been examined 
but do not show lesions. The kidney weights are 
increased (23) and the tubules enlarged, with 
multiplication of tubular cells. Both the heart 
and renal lesions cannot be distinguished from the 
lesions seen by us and others in rats fed a diet low 
in potassium (16 to 20). 

Cats 2 and 4 were examined histologically. 
Cat 2 showed typical lesions in the heart which 
are regarded as produced by the desoxycortico- 
slerone, in spite of the fact that this cat was suffer- 
ing from an infection and was very sick and re- 
fused to eat during the last 4 days of her life. 
Dogs 586 and 802 were examined histologically 
and showed no lesions in the heart. The kidneys, 
however, of both the cats and dogs show lesions 
in the tubules like those seen in the rats, but much 
less marked. 

Table 1 .shows the incidence of lesions in rats 


fed the various diets and injected with vaiious 
doses of desoxycorticosterone acetate. One tin 
mistakable area of replacement of musculatuie b) 
fibroblasts was considered sufficient to indicate 


TABLE I 

Incidence of cardiac lesions 


Diet 

DOCA 

Number 

Number 

with 





rats 

lesions 

Kind’ 

Vitamin® 

mgm. 

days 


_____ — 

p 


2 

14 

7 

1 

p 


2 

30 

12 

9 

p 


4 

30 

10 

9 

A 

OB6 

1 

30 

4 

1 

A 

OB 6 

2 

30 

2 

U 

A 

OB6 

4 

30 

2 


A 

NB6 

2 

30 

4 

L 

A 

NB6 

4 

30 

4 

1 

A 

HB6 

2 

30 

1 

■2 

A 

HB6 

4 

30 

3 

o 

9 

B 

LBl 

4 

30 

4 

9 

B 

NBl 

4 

30 

4 



1 P indicates Purina Fo.x Chow; A and B, the s\n 
diets described under methods. , , . j, 

- The following vitamin supplements '^^ce adc e 
kilogram of diet: OB6, no pyrido.xin; NB6, 2 
ridoxin; HB6, 20 mgm. pyridoxin; LBl, 0.5 mgm. ‘ 
HBl, 2 mgm. thiamin. See text for composi 
A and B. 
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that lesions were produced. In most instances, 
only one section was examined hut experience 
wth two separate imheddings indicates that strik- 
ing lesions might he found in one section when 
absent in the other. Hence positive findings are 
more significant than negative findings. Although 
some hearts are obviously more injured than 
others, we were unable to satisfy ourselves that 
we were justified in laying emphasis on quantita- 
tive interpretation. The data will, therefore, he 
considered merclj' on the basis of lesions found 
or not found. 

Of sections examined from 7 rats given 2 mgm. 
of desoxycorticosterone acetate dail}' for 14 days, 
one showed lesions. In most experiments, tlie 
injections were continued for 30 or. 40 days. 
Since no obvaous increase in the incidence of 
lesions developed between the thirtietli and for- 
tieth day and most of the experiments were run 
for 30 da 3 's, all the longer experiments are listed 
as injected for 30 days. For the prolonged pe- 
riod of injections, lesions were found in 34 of 50 
i^ts. Lesions were present when the daily dose 
was 1, 2, or 4 mgm. There was a suggestion that 
file lesions were more marked and more frequent 
in the rats given the larger doses. 

Because it has been suggested that the cardiac 
lesions produced by diets low in potassium are ag- 


gravated by a deficiency in pyridoxin, experiments 
were set up to test this possibility for the injury 
produced by injections of desoxycorticosterone 
acetate (A diets). The diets contained rather 
liberal amounts of added thiamin, riboflavin, nico- 
tinic acid, calcium pantothenate, cholin and liver 
B fraction. Diets were tested containing no pyri- 
doxin, an adequate, and a high level. Pyridoxin 
intake did not apparently affect the production 
of lesions. 

In the experiments of Thomas et al. (19) 
smaller doses of thiamin were given than the 
amount obtained from our A diets. These au- 
thors found eHdence that the cardiac lesions pro- 
duced by diets low in potassium were aggravated 
by a deficiency in pyridoxin. The B diets were, 
therefore, made up to test whether minimal and 
suboptimal amounts of thiamin brought out more 
extensive lesions than those previously obtained 
on the A diets. As may be seen from the table 
the level of intake of thiamin did not influence the 
cardiac lesions produced by prolonged injections 
of desoxycorticosterone acetate. 

Purina Fox Chow was supplemented in three 
ways by adding (i) 20 grams of soya bean oil, 
(2) 20 mgm. of pyridoxin, and (J) 20 mgm. of 
thiamin per kilogram of ground material. These 
results are not included in the tables. In each 


TABLE n 


Serum and muscle of rats 




Serum 

1 

MuEcIe per 100 grams fat free solids 


Num- 
ber of 
rats 

per 100 ml. 

per L. 1 

per L, 

filtrate 

HK) 

1 

Cl 

Na 

K 

p 

N 



HK3 

K 

Cl 

Na 


Normal 

13 

grams 

92.5 

±0.6 

mil, 

4.0 

±0.8 

mSf, 

113.0 

±3.3 

mif. 

146.9 

±3.0 

grams 

341 

±6.6 

mif. 

7.2 

0.5 

mil. 

10.0 

0.6 

mJf. 

48.9 

±0.6 

mif. 

33.4 

±1.5 

p-ams 

14.8 

±0.3 

DOCA 10 

21 

94.1 

±0.6 

3.39 

±0.8 

109.9 

±3.1 

150.0 

±6.2 

332 

±9.0 

6.27 

±0.7 

14.4 

±1.5 

41.6 

±2.4 

32.0 

±1.1 

15.4 

±0.1 

DOCA 30 

21 

94.1 

±0.8 

4.23 

±1.1 

104.7 

±4.9 

149.7 

±4.7 

332 

±8.7 

6.48 

±0.7 

16.6 

±2.0 

38.4 

±2.5 

32.1 

±0.9 

15.3 

±0.3 

LK14 

15 

93.2 

±1.2 

4.5 

±0.8 

113.4 

±2.5 

146.3 

±5.4 

327 

±5.5 

6.3 

±0.7 

11.8 

±0.8 

40.3 

±2.1 

31.3 

±0.7 

15.2 

±0.2 

C . E . 31 

1 

93.9 


111 

149 

329 

t 

6.0 

10.9 

43.0 


15.3 


In this and subsequent tables, average ± standard deviations are given. 
DOCA 10 — rats getting 2 mgm. desox>'Corticosterone for 10 to 14 days. 
DOCA 30 — rats getting 2 or 4 mgm. desoxj-corticosterone for 30 da>-s. 

LK 14 — rats getting low potassium diet for 14 days. 

C.E. 31 — rat getting 4 cc. Upjohn’s adrenocortical extract for 31 daj-s. 
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TABLE VI 

Scnm, muscle, and heart in cats receiving desoxycorlicoslerottc 



DOCA 

Days 

Scrum 

Tissue 

per 100 ml. 

per L. 

1 

per L. ultrafiltrate | 

per 100 grams fat free solids 

H:0 

K 

Cl 

Na 

HiO 

Cl 

Na 

K 

P 

N 


t/rgm. 


gratjis 

mM. 

mM, 

mM. 


mM. 

mM. 

mM. \ 

mM. 

gram; 










MUSCLE 



Controls 



93.2 

5.7 

132.6 

155.8 

345 

5.9 


47.4 

33.5 

15.4 

■ 



±0.6 

±0.3 

±3.4 

±3.4 

±18 

±1.1 

±1.1 

±2.1 

rhl«S 

0.2 

Cat 2 

8 


93.5 

4.4 

124 


339 

14 

16 

34 

35 

16.2 

Cat 3 

4 


93.3 

5.3 

132 

157 

329 

5.8 


45 

31 

14.7 

Cat 4 

4 ! 

3S 

91.5 

4.0 

131 

163 

320 

1 7.8 

11.3 

48 

31 

15.4 

Cats 

4 

11 

93.9 

4.8 

136 

154 

327 

1 5.6 

8.1 

46 

32 

15.3 










HEART 



Controls 







410 

( 19.1 

24.4 

1 40.1 

34.0 

14.1 








±27 

' ±1.9 

±4.4 

' ±3.4 

±2.9 

±0.9 

Cat 2 

8 

25 





429 

27 

36 

48 

35 

16.0 

Cat 3 

4 

11 





395 

16 

22 

39 

35 

14.0 

Cat 4 

4 

35 





381 

25 

28 


32 

14.8 

Cats 

4 

11 





426 

21 

23 

44 

37 

14.9 


quate amounts of the known vitamins and 15 mM. 
of potassium per 100 grams. The low potassium 
diet was controlled by adding 0.5 per cent potas- 
sium chloride to the drinking water of a group 
on the diet low in potassium. The table shows 
that the cardiac potassium is slightly lower in the 
rats receiving desoxycorticosterone acetate than 
in the control group, and lower in the ones re- 
ceiving a diet low in potassium than in the rats 
receiving the same diet plus 0.5 per cent potassium 
chloride in drinking water. The rats receiving 
desoxycorticosterone acetate also have slightly 
high cardiac sodium. The figures suggest that 
heart muscle reacts somewhat like skeletal muscle, 
but the changes are certainly not as large propor- 
tionately as those found in skeletal muscle. 

Because of difficulty in analysing small amounts 
of tissue, procedures that reduce body potassium 
were studied in dogs and cats. Table V shows 
the results in heart and muscle of 4 dogs receiving 
a diet low in potassium, and 1 receiving daily in- 
jections of 10 mgm. of desoxycorticosterone ace- 
tate for 14 days. Analogous changes to those 
found in rat muscle also develop in dog muscle. 
In 2 of the 4 hearts of dogs receiving the diet low 
in potassium, distinctly low potassium developed 
(see dogs 586 and 651). The decrease equals 
one-fourth of the usual cardiac potassium. These 
are also the dogs showing the lowest potassium in 
skeletal muscle. The otlier 2 hearts of the dogs 


on the diet low in potassium were essentially 
normal. Following injections of desoxycortico- 
sterone acetate for 14 days, the cardiac potassium 
was slightly low but not certainly below the nor- 
mal range. The results show that procedures 
leading to loss of body potassium may lead to 
considerable reduction of cardiac potassium in the 
dog. However, tlie same procedure does not lead 
to this change in all animals. 

Table VI shows the results following daily in- 
jections of desoxycorticosterone in cats. None 
of the hearts show significant loss of cardiac po- 
tassium. Cat 2 which was very sick, in part ow- 
ing to an infection, shows high water, chloride, 
and sodium in the heart. This cat also is the 
only one showing the characteristic loss of potas- 
sium in skeletal muscle. The positive result may 
be due to the larger dose in this cat. However, 
the relative refractoriness of the cat to desoxy- 
corticosterone may be more apparent than real. 
Cat 4 apparently shows the effect of desoxycorti- 
costerone acetate in raising the concentration o 
sodium in serum. The diet of the cats consiste 
largely of rather salty canned salmon and by 
analysis of the diet it was calculated that a 2 kilo- 
gram cat got about 11 mM. of potassium and 2 
mM. of sodium per day. Per 100 grams, the 
cat’s diet contained 30 and 54_mM. of potassium 
and sodium respectively, which is about twice as 
concentrated in potassium as the rats diets. 
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Fig. 5. The Ihcidekce of Cardiac Lesions ViTTH 
Respect to Potassiuii Concentration in Serum and 
IN Muscie 

The height of the columns indicates the number of rats 
Examined and the black areas the number wth cardiac 
lesions. In the upper part the rats are classified with 
respect to serum potassium, while in the lower part they 
are classified with respect to muscle potassium. 

Since cats are so particular about their diet, they 
are probably not suitable for demonstrating defi- 
cits of potassium. However, the experiments sup- 
port the evidence that deficits of potassium are 
necessary for the production of lesions in the 
heart. 

In Figure 5, the incidence of cardiac lesions is 
charted against the concentration of potassium 
per 100 grams of fat free solids of skeletal muscle, 
and against the concentration of potassium in 
serum. The chart includes all data on rats ob- 
tained from experiments involving diets low in 
potassium and the injection of desoxjxortico- 
sterone acetate, in which serum and muscle analy- 
ses were made in conjunction uath histological 
examination of the heart. It should be recalled 
that the authors have pointed out that musde 


potassium in normal rats may vary from 44 to 49 
mM. per 100 grams of fat-free solids. When 
muscle potassium is above SO mill., serum potas- 
sium is high, and when it is below 44 mM., serum 
potassium has a tendenc}’^ to be low. Since the 
concentration of potassium in serum is subject to 
many sudden and transient variations, it is not 
surprising that the values in the chart are usually 
in the normal range but with a tendency for a 
cpnsiderable number to be abnormally low. 
There is no consistent correlation between the 
level of serum potassium and the incidence of 
cardiac lesions. On the other hand, aU of tlie 
muscle potassiums but one lie below the normal 
range. The lesions in the heart were found at 
all levels of muscle potassium from 34 to 44 m^I. 
per 100 grams of fat free solids. Lesions oc- 
curred, with few exceptions, when muscle potas- 
sium was below 40. Thus the degree of deple- 
tion of body potassium, as indicated by the diminu- 
tion of muscle potassium, is an index of the inci- 
dence of cardiac lesions. 

DISCUSSION 

The lesions in the hearts of the rats are of suf- 
ficient severity to explain cardiac failure. Al- 
though circulatory insufficiency^ and cardiac dilata- 
tion are the chief untoward results of inadequately 
controlled treatment with desoicycorticosterone 
acetate, reports of autopsies in patients so treated 
have not described lesions like those tmder con- 
sideration. In the first clinical trials when the 
most cardiac symptoms were encountered, admin- 
istration of desoxycorticosterone acetate was often 
combined with diets low in potassium and high in 
sodium chloride. Undoubtedly this practice ag- 
gravates the tendency to lose potassium and the 
consequent untoward cardiac symptoms. In a 
few rats, sodium chloride was added to the drink- 
ing water. While extensive lesions were pro- 
duced in this way, the rats run at the same time 
but receiving tap water showed apparently equally 
severe lesions. As was pointed out previously, 
the diet of the cats was high in both potassium 
and sodium, containing 30 and 50 mM. respec- 
tively per 100 grams of diet. These figures may 
be compared to the rat diet whidi contained per 
100 grams, 15 and 8.5 mlM. of potassium and so- 
dium. This peculiarity of the cat diet probably 
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explains the normal concentration of potassium 
in serum and muscle as well as the high concentra- 
tion of sodium in serum. That the dietary factor 
may be decisive is suggested by the fact that cat 2, 
which ate poorly, developed deficit of potassium 
in muscle. Furthermore, addition of 0.5 per cent 
potassium chloride to the drinking water of rats 
receiving desoxycorticosterone acetate prevented 
renal hypertrophy, hyperplasia of renal tubules, 
loss of potassium from the muscle, and cardiac 
lesions. The use of desoxycorticosterone acetate 
in Addison’s disease must be controlled so that 
deficits of potassium are not produced. 

In evaluating the present experiments, it must 
be kept in mind that all animals had intact ad- 
renals. The dose of desoxycorticosterone acetate 
was 1, 2, and 4 mgm. daily, which is only 2 to 8 
times the dose for maintenance of an adrenalecto- 
mized rat. If patients are as susceptible to cardiac 
injury as the rat, therapeutic doses are probably 
not far below the amount that might be injurious. 
Probably the therapeutic dose will be found to 
depend in some way on the intake of both potas- 
sium and sodium and by striking a correct balance, 
the margin of safety can be increased. The diet 
of the rats contained about 4.4 mM. per 100 
calories ; a human dietary of 2000 calories and 4 
grams of potassium contains about 5.0 mM. of 
potassium per 100 calories. With loss of appetite 
and the use of intravenous therapy, potassium in- 
take may seriously decrease and administration 
of desoxycorticosterone acetate lead to deficits of 
potassium. In any case, the synthetic hormone 
should not be used with diets low in potassium 
or with those containing excessive amounts of 
sodium chloride. 

While only one rat was analysed after receiving 
adrenal cortical extract, the muscles in this case 
showed low potassium. Loss of body potassium 
cannot, therefore, be regarded as a peculiar effect 
of a synthetic compound. Indeed, one of us (H. 
C. M.) has unpublished data which show that in- 
jections of estradiol benzoate and testosterone 
propionate produce low muscle potassium. Fur- 
thermore, the effects of diets low in potassium 
show that the kidneys are unable entirely to reab- 
sorb potassium from the glomerular filtrate. 
Renal hypertrophy enables the tubules to be more 
successful ( IS) , and the renal hypertrophy of rats 


receiving desoxycorticosterone acetate is probably 
entirely analogous to that of rats receiving diets 
low in potassium (23), despite the fact that the 
ones receiving the hormone have high urinary 
volumes and those on the diets low in potassium 
have low urinary volumes. Apparently under the 
influence of certain steroids, the tendency not to 
reabsorb potassium from the glomerular filtrate 
is so great as to lead to body deficits, even on diets 
adequate in potassium. 

At present no simple laboratory method will 
surely indicate when a deficit of potassium has 
developed. In the cats, the abnormally high con- 
centration of sodium in serum was accompanied 
by normal potassium in muscle and serum ; serious 
deficits of potassium may occur with normal con- 
centrations of this ion in serum in rats. Probably 
concentration of potassium in serum below 3.S 
mM. per liter should be regarded as dangerous. 
Therapy should not be pushed with only the con- 
centration of sodium or chloride in serum as the 
criterion of adequate administration'; nor does a 
normal concentration of potassium in serum give 
assurance that deficit of body potassium has not 
developed. 

Apparently treatment of Addison’s disease has 
met a dilemma. During a crisis, the Addisonian 
patient is extremely susceptible to the toxic effects 
of potassium, yet with treatment with desoxy- 
corticosterone acetate he may develop a harmful 
deficit of potassium. Although renal excretion 
of sodium and potassium may be related to one 
another in a reciprocal way, the balance in the 
body depends on the intake of each independently. 
Without the hormone, the Addisonian patient 
tends to lose sodium and retain potassium; R 
patient receiving desoxycorticosterone acetate 
tends to lose potassium and retain sodium. 
Doubtless future work can show what balance be- 
tween intake of sodium and potassium is the most 
favorable in the treatment of adrenal insufficiency 
with desoxycorticosterone acetate. 

SUMMARY 

Necrosis of the myocardial fibres and replace- 
ment by fibroblasts is produced by repeated in- 
jections of desoxycorticosterone acetate in rats. 
The lesions are neither aggravated by absence o 
pyridoxin nor prevented by liberal additions o 
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pyridoxin to the diets. Low intake of thiamin 
does not aggravate the lesion. The lesions can- 
not be distinguished from those produced by diets 
low in potassium. The livers decrease in size 
after injections of desoxycorticosteronc acetate for 
10 days, but are normal in size after 4 weeks of 
injections. 

The injection of desoxycorticosterone acetate 
lowers muscle potassium and raises muscle so- 
dium. Analogous changes are not found in the 
liver. Low cardiac potassium was found in the 
heart in 2 of 4 dogs fed a diet low in potassium. 
Injection of deso.xycorticosterone produced only 
suggestive lowering of cardiac potassium in a 
group of rats, no certain change in any of 4 cats, 
and no change in 1 dog. Although the heart may 
lose potassium under conditions leading to loss 
from skeletal muscle, diminution of cardiac po- 
tassium is not a regular occurrence. 

The cardiac lesions produced by injections of 
desoxycorticosterone acetate or diets low in potas- 
sium can be prevented by addition of potassium 
chloride to the drinking water. Deficit of body 
potassium is apparently essential for the produc- 
tion of these lesions. 

Cortical extract produced analogous changes in 
the muscle of 1 rat. 
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To measure the velocity of blood flow in infants 
and young cliildrcn, a completely objective proce- 
dure is required. Jvlost of tlie methods (as for 
example determining the time elapsed between the 
injection of a sweet substance (saccharin) or a 
bitter substance (sodium deh^’drocholate) and the 
arrival on the tongue of its characteristic taste) 
used for adults need the cooperation of the subject. 

The respirator}' stimulation caused by potas- 
sium Q'anide, injected intravenously, was utilized 
as an objective method by Robb and Weiss (1). 
We have not tried to apply this method to infants 
because of the danger in adjusting small doses to 
small patients. The lethal dose is said to be only 
about ten times the stimulating dose. Further- 
more, the end point would be difficult to evaluate 
since the infant’s respirations would almost cer- 
tainly be irregular and disturbed by crying and 
emotional excitement. 

A satisfactory method for infants calls for a test 
material which can be accurately and objectively 
measured in small amounts and which, in the 
doses used, is completely harmless. Radioactive 
sodium appeared to satisfy these requirements. 
The principle of using a radioactive substance 
developed by Blumgart and Weiss (2), who 
injected the active deposit of radon into the ante- 
■ cubital vein of one arm, detecting its arrival in the 
other arm by a properly shielded cloud chamber. 
The active deposit consists of radium B and its 
products in equilibrium. It decays with a half-life 
of 26 minutes. The dose which they used, usually 
nbout 5 millicuries, was so small as to present no 
immediate danger. However, the residue is ra- 
dium D, a radioactive isotope of lead, wth the 
long half-life of 22 years. Although the 
activity of radium D, resulting from the disinte- 
gration of 5 millicuries of active deposit is very 
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small, about 0.025 microcuries, the fact that lead 
isotopes are concentrated in bones and are elimi- 
nated with difficulty makes doubtful the wisdom 
of injecting into infants a substance which might 
over a period of years have a deleterious eflfect on 
bone growth. 

Radioactive sodium on the other hand has a 
half-life of 15 hours. After disintegration it 
leaves a normal, inactive atom and there can be 
no possible ill effects years later. The disadvan- 
tages of radioactive sodium as compared with the 
active deposit of radon are ( 1 ) it must be pro- 
duced by cyclotron bombardment and is therefore 
not generally available, (2) its longer half-life 
means that the initial dose in microcurie hours is • 
larger, ( 3 ) circulation rate measurements can be 
repeated in the same individual only after a couple 
of days have passed, as opposed to 2 hours with 
active deposit, and ( 4 ) its gamma rays are so 
penetrating as to present some problems in ade- 
quate shielding of the detector. With these lim- 
itations, however, the method is feasible, and has 
given results which appear reliable. 

METHODS 

The test material was prepared in the Harvard cydo- 
tron by bombarding a layer of c.p. sodium metal 1 mm. 
thick for one hour with 11.5 million electron volt deu- , 
terons (charged nuclei of “heavy” hydrogen) with a beam 
strength of 10 microamperes. About 1 gram of the acti- 
vated sodium metal was dissolved in a paraffin-lined 
beaker in 100 cc. of distilled water under CO, gas. After 
filtering, it was made slightly acid ivith 5 N HQ, boiled 
to expel CO, and to precipitate any silicates, again fil- 
tered, and finally neutralized by addition of dilute NaOH 
or HQ with bromthymol-blue indicator. It was made 
up to a concentration of 2 per cent to 5 per cent sodium 
chloride. The test dose was then contained in less than 1 
cc., usually 0.1 to 0.5 cc. Such small amounts of hyper- 
tonic solution could not be e.xpected to have any effect 
on the velocity of blood flow. 

The radioactivity of the resulting solution svas meas- 
ured by comparison with the gamma-ray activity of a 
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known radium sample using a Geiger counter. It was 
further checked by determining the counting rate with a 
counter subtending a known solid angle and using a cal- 
culated gamma-ray efficiency factor. 

The test^dose was calculated on the basis of the sub- 
ject’s weight and varied between 2 and 5 microcuries per 
kilogram of body weight. Since the radiosodium is dis- 
tributed rapidly throughout the body, there is no danger 
of large localized irradiation. The total dose was well 
within a conservative limit of safety when compared to 
estimated x-ray tolerance. In order to establish the in- 
nocuousness of this dose, preliminary tests were done on 
volunteer adults. Total and differential blood counts 
were taken before and at intervals following the injec- 
tion. The blood counts, which may be considered the 
most sensitive indication of measurable effect from ir- 
radiation (3) showed no significant changes. Much 
larger doses of radioactive sodium have been given thera- 
peutically to adults with leukemia. Hamilton and Stone 
(4) have given up to 54 millicuries without resulting 
blood changes, whereas the dose used here for an adult 
weighing 80 kilograms would be, at 4 microcuries per 
kilogram, 320 microcuries or 0.32 millicuries. All of the 
infants and most of the older children who were tested 
were hospitalized patients, so that it was possible to 
observe them closely following the procedure. No effects 
referable to the procedure were noted in the clinical 
condition, the blood counts, or urine analyses. 

In performing the test, the radioactive sodium chloride 
solution was first sterilized by boiling and then injected 


into one arm while the opposite hand was held close to a 
Geiger counter, shielded by several inches of lead. From 
the Geiger counter a Nehr-Harper extinguishing circuit 
with one stage of voltage amplification, power amplifier, 
and pulse-lengthening circuit was arranged so as to 
record the arrival of the radioactive material on a waxed 
tape running at constant speed. 

The Geiger counter has unfortunately a certain "back- 
ground” counting rate, due to cosmic rays and radioactive 
materials in the walls of the building, etc. In each case 
before the injection was made, the background rate which 
averaged about 1 count each 2 seconds was measured over 
a period of 1 minute. The intravenous injection was then 
made by an assistant and the time of the injection marked 
on the recording tape by means of a circuit from a tele- 
graph key. The tape was allowed to run at its constant 
rate until a few moments after the arrival in the hand 
of the radioactive material, which was signaled by the 
rapid increase in the counting rate. 

From the record on the tape, spot graphs were made 
(Figure 1), each recorded count being represented by a 
dot in the proper position along the time axis. Each suc- 


cessive dot was put one coordinate unit above the pre- 
ceding dot so that the ordinate equaled the total nuniber 
of counts up to any given time. The slope of a straight 
line drawn through these dots represents the counting rate 
itself. The arrival of the radioactive material is, thus 
indicated by a sharp rise in the slope. The time interva 
in seconds between the injection and this rise in slope 
then denotes the circulation rate. 



Fig. 1. Spot Graph of 2 Tests Showing Circulation Rate as the Time 
IN Seconds Between the Injection (S) and the Sudden Increase in the 
Frequency of the Counts Denoted as an Abrupt Rise in Slope of a 
Line Drawn Through the Dots 
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Flacfuations of the bnckpround unfortunately set a limit 
to the accuracy of the test. However, observations of a 
large number of spot graphs have led us to believe that 
the error is seldom more than + 1 second. 

RESULTS IN CHILDREN 2 TO 12 YEARS 

In Table I arc shown the results in 22 children 
between the ages of 2 and 12 years who had a 
I’ariety of medical diagnoses, both cardiac and 
non-cardiac. Only 1 (No. 18) had any condition 
which might have been c-Npected to alter the speed 
of circulation. This child had rheumatic heart 
disease and congestive failure which might have 
caused a slow rate but actually tlie rate was rather 
fast. 

Radioactive sodium and saccharin were usually 
injected simultaneously so that one method could 
seiwe as a check against the other. This was done 
by mixing the measured dose of the activated salt 
solution mth 1% to 2 cc. of a sterile saccharin 
solution, made by' adding 20 grams of saccharin to 
25 cc. of distilled water. For the smaller children 
114 cc, was used and 2 cc. for the larger ones. As 
seen in Table I there is good correlation between 
the saccharin and sodium time in some cases and 


very’ poor correlation in others. Where the corre- 
lation was poor, it was our impression that the 
sodium time represented the truer value. It is 
sometimes difficult for an apprehensive child, even 
if eager to cooperate, to time a taste end-point 
accurately. Occasionally a child would be too 
eager and speak too soon, or on the other hand he 
might be slow to appreciate the taste. These are 
single determinations ; if the child had been accus- 
tomed to the procedure by previous tests, better 
correlation might have resulted. 

In general, the circulation rates in this group 
correspond with those of older children previously 
reported. Blumgart & Weiss (2), in their orig- 
inal work with the active deposit of radon, tested 
the rates of 22 children and y'oung adults ranging 
in age from 15 to 29 years. The results averaged 
17 seconds, varying from 12 to 23 seconds. Tarr, 
Oppenheimer, and Sager (5) measured the arm 
to tongue time wth decholin in 15 children be- 
tiveen the ages of 10 and 14 years. In 8 of these 
children with normal or well-compensated rheu- 
matic heart disease, the rate ranged from 10 to 
17.5 seconds. Averbuck and Friedman (6) de- 


TABLE I 


Velocity of blood flow in children aged 2 to 12 years 


Num- 

ber 

Diagnosis 

1 

Age 

1 

1 

Weight 

Height 

1 

Circulation time 

Saccharin 

Radioactive 

sodium 




pounds 

inches 

seconds 

seconds 

1 

Patent ductus arteriosus 


84 


9 

10 

2 

Rheumatic fever — normal heart 


61 


8 

14 

3 

Rheumatic fever — ^normal heart 


61 


?1S 


4 

Rheumatic fever — suspect 


66 


5 

11 

5 

**Grippe** 

9 

68 


9 

8 

6 

Nephritis 


70 

52 

6 

17(-2)» 

7 

Splenomegaly 


70 

57 

13 

14(il.5)* 

8 

Celiac disease 


29 

35 


8 


Ulcerative colitis 

11 

77 

55 

7 

14 

10 1 

Patent ductus arteriosus 

8 

43 


9 

7 

11 

Chorea 

9 

SO 

46 

?14 

9 

12 

Rheumatic heart disease 

8 

52 


3 

6 

13 

Rheumatic fever — normal heart 

11 

92 

60 

? 

10 

14 

Rheumatic heart disease 

7 

45 

44 

12 

13 

IS 

Rheumatic heart disease 

11 

75 

56 

12 

17 

16 

Rheumatic heart disease 

12 

75 

60 

11 

11 

17 

Rheumatic heart disease — Rheumatic fever 

11 

70 

55 

16 

13 

18 

Rheumatic heart disease — decompensated 

9 

43 


? 

5 

19 

Rheumatic heart disease 

6 

35 



10 

20 

Pyelonephritis 

3 1 

30 

37 


7 

21 

Pyelonephritis 

3 

28 

37 


8 

1 


Range 5 to 17 seconds Average 11 seconds 


* Possible correction shown in parentheses. All other determinations have a possible error of less than dbl second. 
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TABLE II 


Velocity of blood flow in infants aged 0 to 2 years 


Num- 

ber 

Diagnosis 

Age 

Weight 

Height 

Circulation time 
radioactive sodium 




pounds 

inches 

seconds 

• 1 

Convalescent pneumonia 

6 weeks 

7 

21 

6 

2 

Convalescent pneumonia-Pyelonephritis 

6 weeks 

7 

22 

Z* 

3 

Convalescent pneumonia-Pyelonephritis (Same as No. 2, one 
week later) 

7 weeks 

7 

22 

6 

4 

Convalescent pneumonia 

4 months 

10 

23 

9* 

5 

Chronic nutritional disorder 

9 months 

9 

22 

6* 

6 

Celiac disease 

20 months 

16 

30 

12 

7 

Nutritional anemia 

IS months 

19 


5 

8 

Chronic nutritional disorder 

16 months 

16 

28 

7 

9 

PScurvy 

18 months 

19 

32 

4 ■ 

10 

Upper respiratory infection 

22 months 

24 


11 

11 

Convalescent pneumonia 

13 months 

19 

30 

10 

12 

Convalescent pneumonia 

13 months : 

19 

30 

6 

13 

Pyelonephritis 

6 months 

18 

28 

10 

14 

Cretinism 

6 months 

11 

23 

6 


Range 3 to 12 seconds Average 7 seconds 


* Injection into ante-cubital vein (all others into small vein on back of hand). 


termined the rates of 100 normal children, from 8 
to 16 years, using saccharin. The average time 
was 8.6 seconds with a range of 5 to 13.5 seconds. 

In the present group of 22 children between 2 
and 12 years, the rates determined by radioactive 
sodium average 11 seconds, with a range of 5 to 

17 seconds. 

.? 

RESULTS IN INFANTS YOUNGER THAN 2 YEARS 

In infants, there are technical difficulties which 
complicate the procedure. In the first place, the 
ability to make a clean rapid intravenous injec- 
tion is obviously essential and often difficult. 
Usually a small vein on the back of the hand was 
selected for the injection. Care had to be taken 
not to introduce any radioactive saline into the 
circulation prematurely, and then to inject the 
whole dose as quickly as possible. 

Secondly, the infants were, as could be ex- 
pected, actively resenting being held in place and 
being pricked with a needle. Since there was no 
satisfactor}' way of avoiding the factors of strug- 
gling and crying, we attempted to determine how 
much influence these factors may have had. In 2 
normal adults, rates were determined by the sac- 
charin method, first at rest, then with glottis 
closed after a deep inspiration, and finally after 
exercise (Table III). The second step in this 
experiment was an attempt to simulate the physi- 
ologj- of cij-ing by increasing the intrathoracic 


TABLE III 

Circulation rates in 2 normal adults at rest, with increased 
intrathoracic pressure, and after exercise 



J.P.H. 

R.A.R. 

Resting 

Deep breath 
(Glottis closed) 
After exercise 

16 seconds 

22 seconds 

14 seconds 

18 seconds 
23 seconds 

12 seconds 


pressure. This tends to slow the rate and to 
counteract, therefore, the effect of the exercise. 
Cannon, Lucia, and Benson (7) have also shown 
that the increased rate resulting from exercise is 
not very appreciable. It seems reasonable ^ to 
conclude, therefore, that the effect of struggling 
and emotional excitement was slight. 


In the group of infants, there were none 


who 


had any condition which would be expected to 
influence the circulation rate. As shown in Table 
II, there were 14 infants between 6 weeks an 
22 months of age. Their sodium rates varied be- 
tween 3 and 11 seconds, with an average of 
seconds. 


SUMMARY 

The velocity of the blood flow in young infants 
and children has been measured by determining 
the time elapsed between the injection of radio 
active sodium into one arm and its arrival in the 
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opposite hand. The latter has been signaled by 
a Geiger counter. 

By this method the rate in 22 children between 
2 and 12 years was found to average 1 1 seconds, 
mtli a range of 5 to 17 seconds. The rate of 14 
infants between 6 weeks and 22 months of age 
averaged 7 seconds, with a range of 3 to 12 
seconds. 
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During recent years this society has received some very 
pungent criticism from distinguished past presidents who 
felt we were not getting the best new members, and that 
our journal was accepting papers not up to the standards 
of former years. Our programs, arbitrarily selected by 
one man, remain subject to constant criticism from mem- 
bers active and emeritus. If we followed the spirit of 
the times, we would install a full-time salaried editor 
and secretarj', such as now control many national, state, 
and special medical societies, and hope to benefit by the 
alleged cfficiencj’ of a dictatorship. 

It svould be well if cveiy faculty member in our uni- 
versities, every industrialist, and cveo' physician would 
read, and each year reread, the address on “Academic 
in Germany" given by Helmholtz, who was 
distinguished alike as physician, physiologist, and physi- 
cist It ■vvaj \i,Tittcn at the time when German univer- 
siUes were in their glory and attracted most of the 
physicians, physicists, and chemists who built up Ameri- 
can science between 1870 and 1910. Helmholtz traced 
me greatness of Germany to the unis’crsities, whose stu- 
^ts and faculty enjoyed greater freedom than has ever 
wen granted in French, English, or American institu- 
tons. The full-time life-tenturc dean and college presi- 
^t were not only unknown but were inconceivable to 
irchow, Cohnheim, Emil Fischer, and Friedrich Muel- 
er. Their deans, secretaries and other faculty officials 
Were simply colleagues elected for terms of one to three 
>ears, a custom wisely followed by this society. This 
^st^ survived fruitfully until it was abolished by the 
azis, and Helmholtz, who predicted how easily the Ger- 
^n schools might be robbed of the freedom which was 
«ir proud heritage and chief asset, realized that, once 
ost, academic freedom probably could never be regained. 
. ^ ™y hope that this society will not seek efficiency 
'n a^ benevolent dictatorship, but that its members will 
manifest a livelier concern in its affairs, voicing criti- 
msm of its officers, and offering nominations in competi- 
on with those of the nominating committee. Our con- 
s fufion calls for election of officers by secret ballot, and 
IS certainly does not mean directing the secretary to 
the ballot for a straight ticket each year, 
wo years ago your president pointed out the value of 
let in keeping societies alert and productive. We 
now engaged in a great struggle which takes its 
^aracter from the attempt of America and Western 
^Wope to find security and avoid the normal competition 
the healthy peaceful civilization. Security, to 

^ po itician, meant a legally guaranteed status quo, an 


easy way of life. High tariffs, restricted immigration, 
farm subsidies, the forty-hour week, the peace pacts and 
treaties all were mere paper barriers against poorer and 
more energetic people. This game of make-believe led to 
slavery and chaos in most of Europe, and if we seek that 
sort of security we dare hope for no better fate. 

In the academic world, the term security has long been 
potent, and, as in the political world, it means a guaran- 
teed easy way of life. It has been held that a life-term 
appointment would attract to teaching those who so 
valued security that they would accept lower salaries 
than they could earn elsewhere. But even universities 
will not pay our salaries if we become physically disabled, 
and so long as a physician keeps his health, what security 
can the university offer him? If he has good judgment 
and training, is energetic, imaginative, and interested in 
his work, he will always find patients, institutions, and 
industrial concerns clamoring for him. Academic se- 
curity in these days of changing values of money can 
scarcely attract such men, and it is difficult to see how 
the university gains by offering security to the mediocre 
or to those who have become historic monuments. While 
competent men will not become anatomists, bacteriolo- 
gists, philosophers or professors of language without the 
promise of academic security, physicians, physicists, chem- 
ists, and engineers who are useful in the university can 
usually earn a much larger income in practice or in 
industry. At most, such men need only a sabbatical year 
for the transition to private life. 

It has become quite clear that even in fields which 
change as slowly as the art of war, the highest effective- 
ness can be attained only if men reach responsible posi- 
tions by the age of 35, and full command before 50. 
Most officers must be retired between the ages of 35 and 
55 in order to effect this gravitation of responsibility into 
the most capable hands. The art of medicine is changing 
much more rapidly, as is obvious if one compares the 
medical and military discoveries since 1918. In order 
to effect the most productive utilization of the facilities 
given us by society for studying disease and training 
physicians, we must do everything possible to bring out 
the best efforts of every member of a medical faculty 
and profit by the most fertile and productive years of 
good physicians, regardless of their age. Obviously 
there must be ample opportunity for young men to bring 
up families while devoting most of their time to teaching 
and research, but I have seen no eridence that full-time 
schools were attracting any better or more productive 
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men than the part-time medical schools with proper 
salary levels for the younger staff members. 

Stagnation is a very serious problem in many medical 
schools. It can be avoided if all salaried staff members, 
all heads of special clinics are appointed for terms of 
not more than five years. Reappointment should not be 
automatic, but should mean that no more capable person 
can be found after thorough search. We should en- 
courage or insist on sabbatical or exchange years in other 
clinics and facilitate the movement of teachers, and 
especially of departmental executives, from school to 
school, or from one department to another. It should 
be neither unusual nor disgraceful for us to rejoin our 
colleagues in practice after some years or decades in the 
academic vale. None of us should hesitate to accept re- 
sponsibility, nor avoid reentering practice when younger 
men, as capable as ourselves, are available and can bring 
new energy and a fresh point of view to the staff. Life 
might not be so snug for us under such a system, but it 
would be more stimulating and we would aid greatly in 
keeping medicine preeminent in a sound social system. 

The bureaucracy which is a manifestation of the se- 
curity complex must be combated in our societies and 
schools, and in government. Why should one face the 
arduous life in mine or factory if one can be a salaried 
labor official? Why should one risk the hazards of 
industry or finance when from a snug office in Washing- 
ton one might control industry and finance, avoiding 
blame or loss if things go badly? Why practice or 
teach medicine if from a full-time position as secretary 
of a society, administrator of a school or foundation, one 
can wield great influence? The men who have accepted 
such positions are charming and capable people, and are 
anxious to relieve us of the necessity for managing our 
own affairs. Few of them believe in rotation in office; 
like labor leaders and the New Deal, they favor long 
tenure and do not share tlie poet’s fear that “one good 
custom (or official) should corrupt the world.” 

By seeking the type of academic freedom Helmholtz 
praised, by resisting bureaucracy in our societies, cities 
and nation, by setting a personal example of willingness 
to accept short-term appointments, we can contribute, as 
good physicians, to prolonging the useful life of this 
civilization. We should see that our practice and cur- 
ricula are abreast of the best facilities made available by 
science and society. There is no excuse for commanders 
who do not understand, insist on having, and fully uti- 
lize the modem equipment for security, victory, and pro- 
viding defense with minimal loss of life; nor for leaders 
of medicine who do not understand and fully exploit all 
the chemical and physical discoveries, the techniques, 
therapeutic methods and devices, no matter how complex 
or novel, which contribute to safety, accuracy, and speed 
of diagnosis and treatment. The failure of our genera- 
tion to make the X-ray a familiar and routine instrument 
for physical diagnosis is the outstanding evidence that 
medicine, like some militarj* establishments, may for 
years misunderstand and undervalue instruments of extra- 
ordinarj- merit, and tluis phj-sicians come to use the gifts 


of science “too little and too late.” We must all be 
on guard against stagnation in our departments and 
against falling into rigid patterns of thought. 

Three years ago your president offered as the solution 
of our problems picking executives and teaching per- 
sonnel of great talent and “contagious fire.” But even 
this is not enough. There are men, like Cushing, Rose- 
nau, and Hektoen, who are ready to accept and eagerly 
sought for new positions when they reach the legal re- 
tirement age. They are rejuvenated by their new tasks. 
There are men of extraordinary ability who go into the 
mental menopause prematurely, in some instances rapidly 
losing a forced and hectic fire when they achieve the 
academic goal which they had set for themselves. Never 
forget that Vesalius, at the age of 30, one year after his 
revolutionary de Fahrica came from the press, became a 
court physician and never contributed anything thereafter. 
Many similar, if less dreadful, examples are seen about 
us today, and we must not only select good men but retire 
those who are not maintaining the “contagious fires at a 
healthy glow. None of us are secure if our profession 
declines, all must give much and risk much to achieve 
any worthy goal. Today, as in Milton’s stormy lil^" 
time, “the immortal garland is to be run for, not without 
dust and heat.’” May we neither “slink out of the race 
nor seek to bury ourselves in a “fugitive and cloistere 
security. 

A Study of Calcium Metabolism in Nephrosis. By 

William W. Beckman and Kendall Emerson,- JR- 

(introduced by Dr. Homer F. Swift), New York, N. 

Children with nephrosis characteristically exhibit os 
teoporosis, hypocalcinuria, and hypocalcemia. A detai e 
study of calcium metabolism in these patients has shown 
that there is an excessive loss both of this element an 
of phosphorus from the gastro-intestinal tract, which lea s 
to insufficient retention for the ordinary calcium require 
meats of growing children. The mere addition of ea 
cium to the diet served only to increase the fecal excretion 
without improvement in the balance. Large doses o 
vitamin D failed to influence absorption from the intes 
tines, in spite of which fact there is no evidence of rickets. 
Likewise the administration of citrate-sodium citrate nux 
tures had no effect. On the other hand, when lactose was 
fed, absorption was considerably enhanced, not only o 
calcium but also of phosphorus, nitrogen, and potassium. 
Similar results were obtained with dihydrotachystcro 

(A. T. 10). 

The serum calcium concentration was raised to near y 
normal by A. T. 10. In spite of this, no increase in uri 
nary calcium was observed. The elevation of the serum 
calcium to toxic levels by intravenous administration 
the ion, caused only a very slight rise in renal excretion- 
Acidosis increased the loss of calcium in the feces, 
had no effect on the urine. 

A patient, who was studied during a spontaneous re 
mission when these abnormalities largely disappeare , 
will be described. 
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Sludicj cn ihc Rflatwn of Pat MetahnUsni to Nutrition 

of ihc Skin. By ARtt.i> E. IIan'shk, Minneapolis, 

Minn. 

In a study of 119 children and adults with intractable 
ccicma, it has been found that the majority have an 
abnormally low degree of unsaturation of the scrum 
lipids. This decrease in the iodine numbers of the scrum 
fatty acids is of tlic same magnitude as found previously 
m the rats suffering from the fat-dcficicncy syndrome 
described by Burr and Burr. In a more intensive in- 
vestigation of tlic factors concerned with the nutrition of 
the skin, puppies reared on a diet practically devoid of 
fat developed marked flalrj- desquamation and drj-ncss of 
the skin and hair. Litter-mate control puppies given tlte 
same diet c.'cccpt for the isocaloric substitution of lard 
for sucrose had skins of normal appearance. In addition, 
cl human subjects suffering from chronic eczema were 
given dietarj- supplements of unsaturated fatty acids in 
the form of lard, raw linseed oil, and com oil. Qinical 
improvement was noted in over halt of these and in some 
the sVnn cleared entirely. The fatty acid distribution in 
the various fractions of tlic serum lipids is being dctcr- 
mmed at various intervals in both the experimental ani- 
mals and human subjects, and in the puppies, histologic 
study and chemical analysis of the lipid components of 
the skin are being made. 


ci Study of Experimental Hypothalamic Obesity in the 
flat. By Jay Tepperman (by invitation), John R. 
Beoeeck (by invitation), and C. N. H. Long, New 
Haven, Conn. 


. Bilateral, symmetrical, electrolytic lesions were placed 
m the hypothalami of rats by means of the Horsley- 
Clarke stereotaxic instrument Almost immediately after 
°Peration the operated rats began to eat voraciously, often 
consuming 2 to 3 times the amount of food eaten by their 
•ttermates, and they soon became very obese. Ten oper- 
ated rats pair-fed with their controls frequently ate their 
_ ys ration in less than 2 hours, but only 1 outgained 
Its control. The development of the obesity is appar- 
cotlj a consequence of increased appetite, and is not asso- 
ciated with any fundamental disturbance in metabolism. 

Hie basal oxygen consumption of pair-fed operated 
mts was normal. The absolute oxygen consumption of 
Et rats, however, was sometimes as much as tsvice that 
ot their controls. 


. fasting R.Q.’s of both fat and pair-fed operated 
"cre similar to those of normal rats, but the 
Q. s, after glucose, of all operated rats were abnormally 

nigh. 


Ibumin and casts were observed in the urine of 13 
of 15 operated rats from 6 to 12 weeks after they 
-came obese, and 4 of these subsequently showed striking 
istological changes in both tubules and glomeruli. Lit- 
er^te controls and pair-fed operated rats showed no 
n'ndence of renal damage. 


Effect of Continuous Intravenous Infusion of Glucose in 
Normal Dogs. By E. B. Astwood, J. if. Flynn, and 
O. Krayer (introduced by W. P. ilurphy), Boston, 
Mass. 

By means of a simple automatic apparatus, 10 to 70 
per cent glucose solutions in water or salt solutions were 
injected intravenously into unrestrained, unanesthetized 
dogs. Rates of infusion of less than 12 grams per sq. 
m. per hr. were tolerated indefinitely, while rates exceed- 
ing 40 grams per sq. m. per hr. caused glycosuria, de- 
hydration fever, and death within a few hours. Inter- 
mediate amounts were tolerated with minimal or no gly- 
cosuria, but death invariably occurred in 3 to 25 days, the 
length of life being inversely proportional to the rate of 
glucose administration. Death was preceded by signs of 
marked hepatic insufficiency, i.c., bilirubinemia, bilirubi- 
nuria, retention of bromsulphalein, lowered serum al- 
bumin, bleeding tendency, faifure of blood clotting, and a 
terminal hyperglycemia. Post mortem examination re- 
vealed wide-spread intra-abdominal hemorrhages, and 
great enlargement of the liver from glycogen deposition. 
This course of events was not modified by supplying 
extra sodium, potassium, chloride, bicarbonate, or phos- 
phate, nor by insulin, vitamins, or liver e.xtract It is 
estimated that about 12 grams of glucose per sq. m. per 
hr. can be used by oxidation and conversion to fat 
Larger amounts exceed the maximal rate of fat formation 
and thus must accumulate as glycogen, which, when 
stored to excess, fatally impairs the function of the liver. 

SUtdies on the Absorption Defect in Sprue. By Franz 
J. Inceleinger and Robert E. Moss (introduced by 
Harold Jeghers), Boston, Mass. 

In 4 patients with sprue, vitamin A absorption tests 
showed that fasting plasma vitamin A levels were low, 
and that oral administration of a vitamin A concentrate 
produced little or no rise in plasma levels. 

In 2 of the patients whose pancreatic lipase secretion 
was shown to be normal, repeated tests were done. One 
or more tests indicated that the flat vitamin A absorption 
curve was not improved by intra-duodenal injection of 
the concentrate, by maintaining a high vitamin A concen- 
tration in the intestine for over 6 hours, by injections of 
mecholjd and prostigmine, by injections of adrenal cor- 
tical extract or of desoxycorticosterone acetate. Nor was 
the absorption curve elevated after one month of oral 
yeast therapy, or of massive parenteral B-complex ther- 
apy, or of parenteral vitamin A injections. 

The intra-duodenal administration of a vitamin A con- 
centrate w'hich had been thoroughly mixed with normal 
human succus entericus was the only procedure which 
consistently elevated the absorption curve. This improve- 
ment in the absorption curve may occur because normal 
human intestinal juice supplies an unknown factor, or 
because the intra-duodenal administration of the test dose 
mixed with succus entericus provides for a more ade- 
quate dispersion and emulsification of the test substance 
in the gut, and thus partially corrects the intestinal motor 
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men than the part-time medical schools with proper 
salary levels for the younger staff members. 

Stagnation is a very serious problem in many medical 
schools. It can be avoided if all salaried staff members, 
all heads of special clinics are appointed for terms of 
not more than five years. Reappointment should not be 
automatic, but should mean that no more capable person 
can be found after thorough search. We should en- 
courage or insist on sabbatical or exchange years in other 
clinics and facilitate the movement of teachers, and 
especially of departmental executives, from school to 
school, or from one department to another. It should 
be neither unusual nor disgraceful for us to rejoin our 
colleagues in practice after some years or decades in the 
academic vale. None of us should hesitate to accept re- 
sponsibility, nor avoid reentering practice when younger 
men, as capable as ourselves, are available and can bring 
new energy and a fresh point of view to the staff. Life 
might not be so snug for us under such a system, but it 
would be more stimulating and we would aid greatly in 
keeping medicine preeminent in a sound social system. 

The bureaucracy which is a manifestation of the se- 
curity complex must be combated in our societies and 
schools, and in government. Why should one face the 
arduous life in mine or factory if one can be a salaried 
labor official? Why should one risk the hazards of 
industry or finance when from a snug office in Washing- 
ton one might control industry and finance, avoiding 
blame or loss if things go badly? Why practice or 
teach medicine if from a full-time position as secretary 
of a society, administrator of a school or foundation, one 
can wield great influence? The men who have accepted 
such positions are charming and capable people, and are 
anxious to relieve us of the necessity for managing our 
own affairs. Few of them believe in rotation in office; 
like labor leaders and the New Deal, they favor long 
tenure and do not share the poet’s fear that "one good 
custom (or official) should corrupt the world.” 

By seeking the type of academic freedom Helmholtz 
praised, by resisting bureaucracy in our societies, cities 
and nation, by setting a personal example of willingness 
to accept short-term appointments, we can contribute, as 
good physicians, to prolonging the useful life of this 
civilization. We should see that our practice and cur- 
ricula are abreast of the best facilities made available by 
science and society. There is no excuse for commanders 
who do not understand, insist on having, and fully uti- 
lize the modern equipment for security, victory, and pro- 
viding defense with minimal loss of life; nor for leaders 
of medicine who do not understand and fully exploit all 
the chemical and physical discoveries, the techniques, 
therapeutic methods and devices, no matter how complex 
or novel, which contribute to safety, accuracy, and speed 
of diagnosis and treatment. The failure of our genera- 
tion to make the X-ray a familiar and routine instrument 
for physical diagnosis is the outstanding evidence that 
medicine, like some military establishments, may for 
years misunderstand and underv-alue instruments of extra- 
ordinary merit, and thus physicians come to use tlie gifts 


of science "too little and too late.” We must all k 
on guard against stagnation in our departments and 
against falling into rigid patterns of thought. 

Three years ago your president offered as the solution 
of our problems picking executives and teaching per- 
sonnel of great talent and “contagious fire.” But even 
this is not enough. There are men, like Cushing, Rose- 
nau, and Hektoen, who are ready to' accept and eagerly 
sought for new positions when they reach the legal re- 
tirement age. They are rejuvenated by their new tasks. 
There are men of extraordinary ability who go into the 
mental menopause prematurely, in some instances rapidly 
losing a forced and hectic fire when they achieve the 
academic goal which they had set for themselves. Never 
forget that Vesalius, at the age of 30, one year after his 
revolutionary de Fabrica came from the press, became a 
court physician and never contributed anything thereafter. 
Many similar, if less dreadful, examples are seen about 
us today, and we must not only select good men but retire 
those who are not maintaining the “contagious fires at a 
healthy glow. None of us are secure if our profession 
declines, all must give much and risk much to achieve 
any worthy goal. Today, as in Milton’s stormy lik" 
time, “the immortal garland is to be run for, not without 
dust and heat.’” May we neither “slink out of the race^^ 
nor seek to bury ourselves in a “fugitive and cloistered 
security. 


A Study of Calcium Metabolism in Nephrosis. By 
William W. Beckman and Kendall Emerson, 
(introduced by Dr. Homer F. Swift), New York, N. • 
Children with nephrosis characteristically exhibit os 
teoporosis, hypocalcinuria, and hypocalcemia. A detai e 
study of calcium metabolism in these patients has shown 
that there is an excessive loss both of this element an 
of phosphorus from the gastro-intestinal tract, which lea s 
to insufficient retention for the ordinary calcium require 
ments of growing children. The mere addition of ca 
cium to the diet served only to increase the fecal excretion 
without improvement in the balance. Large doses o 
vitamin D failed to influence absorption from the intes 
tines, in spite of which fact there is no evidence of rickets. 
Likewise the administration of citrate-sodium citrate mix 
tures had no effect. On the other hand, when lactose was 
fed, absorption was considerably enhanced, not only o 
calcium but also of phosphorus, nitrogen, and potassium- 
Similar results were obtained with dihydrotachystero 

(A. T. 10). 

The serum calcium concentration was raised to near y 
normal by A. T. 10. In spite of this, no increase in un 
nary calcium was observed. The elevation of the serum 
calcium to toxic levels by intravenous administration 
the ion, caused only a very slight rise in renal excretion. 
Acidosis increased the loss of calcium in the feces, 
had no effect on the urine. 

A patient, who was studied during a spontaneous re 
mission when these abnormalities largely disappear^ > 
will be described. 
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Studies on the Relation oj Rat !i[rtabeilisin to Nutrition 
of the Shin. By ARii.n E. IlANsr.:.', Minneapolis, 
Minn. 

In a stuJy of 119 children and adults with intractable 
eczema, it has been found that the majority have an 
abnormally low dcprcc of unsaturation of the scrum 
lipids. This decrease in the iodine numbers of the scrum 
fatty acids is of the same mapnitude as found previously 
in the rats suffering from tlic fal-dcficicncy syndrome 
described by Burr and Burr. In a more intensive in- 
vestigation of the factors concerned with the nutrition of 
tlic skin, puppies rcaral on a diet practically devoid of 
fat developed marked flaky desquamation and dryness of 
the skin and hair. Litter-mate control puppies given the 
same diet except for the isoc-aloric substitution of lard 
for sucrose had skins of normal appearance. In addition, 
/I human subjects suffering from dironic eczema were 
given dietarj- supplements of unsaturated fatty acids in 
the form of lard, raw linseed oil, and corn oil. Clinical 
improvement s\as noted in over half of these and in some 
the skin cleared entirely. The fatty acid distribution in 
the various fractions of tlie scrum lipids is being deter- 
mined at various intervals in both the experimental ani- 
mals and human subjects, and in the puppies, histologic 
study and chemical analysis of the lipid components of 
the skin are being made. . 

•<4 Study of Experimental Hypothalamic Obesity in the 
Rat. By Jay Tepperman (by invitation), John R. 
Erobeck (by invitation), and C. N. H. Long, New 
Haven, Conn. 

Bilateral, symmetrical, electrolytic lesions were placed 
in the hypothalami of rats by means of the Horsley- 
Clarke stereotaxic instrument Almost immediately after 
operation the operated rats began to eat voraciously, often 
consuming 2 to 3 times the amount of food eaten by their 
httermates, and they soon became very obese. Ten oper- 
Rted rats pair-fed with their controls frequently ate their 
^ys ration in less than 2 hours, but only 1 outgained 
Control. The development of the obesity is appar- 
ently a consequence of increased appetite, and is not asso- 
ciated with any fundamental disturbance in metabolism. 

The basal oxygen consumption of pair-fed operated 
RRts was normal. The absolute oxygen consumption of 
Cats, however, was sometimes as much as twice that 
of their controls. 

The fasting R.Q.’s of both fat and pair-fed operated 
animals were similar to those of normal rats, but the 

Q. s, after glucose, of all operated rats were abnormally 
high. 

Albumin and casts were observed in the urine of 13 
of 15 operated rats from 6 to 12 weeks after they 
came obese, and 4 of these subsequently showed striking 
istological changes in both tubules and glomeruli. Lit- 
ermate controls and pair-fed operated rats showed no 
evidence of renal damage. 


Effect of Continuous Intravenous Infusion of Glucose in 
Normal Dogs. By E. B. Astwood, J. M. Flynn, and 
O. Krayer (introduced by W. P. Murphy), Boston, 
Mass. 

By means of a simple automatic apparatus, 10 to 70 
per cent glucose solutions in water or salt solutions were 
injected intravenously into unrestrained, unanesthetized 
dogs. Rates of infusion of less than 12 grams per sq. 
m. per hr. were tolerated indefinitely, while rates exceed- 
ing 40 grams per sq. m. per hr. caused glycosuria, de- 
hydration fever, and death within a few hours. Inter- 
mediate amounts were tolerated with minimal or no gly- 
cosuria, but death invariably occurred in 3 to 25 days, the 
length of life being inversely proportional to the rate of 
glucose administration. Death was preceded by signs of 
marked hepatic insufficiency, i.e., bilirubinemia, bilirubi- 
nuria, retention of bromsulphalein, lowered serum al- 
bumin, bleeding tendency, failure of blood clotting, and a 
terminal hyperglycemia. Post mortem examination re- 
vealed wide-spread intra-abdominal hemorrhages, and 
great enlargement of the liver from glycogen deposition. 
This course of events was not modified by supplying 
extra sodium, potassium, chloride, bicarbonate, or phos- 
phate, nor by insulin, vitamins, or liver extract. It is 
estimated that about 12 grams of glucose per sq. m. per 
hr. can be used by oxidation and conversion to fat. 
Larger amounts exceed the maximal rate of fat formation 
and thus must accumulate as glycogen, which, when 
stored to excess, fatally impairs the function of the liver. 

Studies on the Absorption Defect in Sprue. By Franz 
J. iNCELnNGER and Robert E. Moss (introduced by 
Harold Jeghers), Boston, Mass. 

In 4 patients with sprue, vitamin A absorption tests 
showed that fasting plasma vitamin A levels were low, 
and that oral administration of a vitamin A concentrate 
produced little or no rise in plasma levels. 

In 2 of the patients whose pancreatic lipase secretion 
was showm to be normal, repeated tests were done. One 
or more tests 'indicated that the flat vitamin A absorption 
curve was not improved by intra-duodenal injection of 
the concentrate, by maintaining a high vitamin A concen- 
tration in the intestine for over 6 hours, by injections of 
mecholyl and prostigmine, by injections of adrenal cor- 
tical extract or of desoxycorticosterone acetate. Nor was 
the absorption curve elevated after one month of oral 
yeast therapy, or of massive parenteral B-complex ther- 
apy, or of parenteral vitamin A injections. 

The intra-duodenal administration of a vitamin A con- 
centrate which had been thoroughly mixed with normal 
human succus entericus was the only procedure which 
consistently elevated the absorption curve. This improve- 
ment in the absorption curve may occur because normal 
human intestinal juice supplies an unknown factor, or 
because the intra-duodenal administration of the test dose 
mixed with succus entericus provides for a more ade- 
quate dispersion and emulsification of the test substance 
in the gut, and thus partially corrects the intestinal motor 
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abnormalities of sprue. At present, our experiments' 
suggest that the latter possibility is the more likely one. 

Studies on the Synthesis of Total Coensyme from the 
Oral and Parenteral Administration of Nicotinic Acid 
and Nicotinamide. By Charles L. Hoagland and 
Robert E. Shank (introduced by Thomas M. Rivers), 
New York, N. Y. 

• The requirement of the influenza bacillus for coenzyme, 
the physiologically active form of nicotinic acid, was re- 
ported by Lwoff and Lwoff in 1936. Since that time a 
number of attempts have been made to use this organism 
in the quantitative determination of coenzjmie. These 
techniques have been limited in that turbidity of test 
material has contributed large errors to the turbidimetric 
determination. On the other hand, extraction of coen- 
zyme is tedious, often incomplete, and may result in par- 
tial destruction of this labile compound. 

We have found that the production of nitrite from ni- 
trate by the .influenza bacillus parallels closely its meta- 
bolic activity, and, in turn, can be related quantitatively 
to the coenzyme which the medium contains. The method 
is simple, reproducible, requiring no preliminary extrac- 
tion of coenzyme, and can be done on less than 1 cc. of 
blood. By means of the nitrate reduction technique, it 
has been possible to study quantitatively the synthesis of 
coenzyme in the blood of animals and human beings, 
following the ingestion of nicotinic acid and nicotinamide. 
A definite and reproducible increase in total coenzyme 
has been observed in the blood when these coenzyme 
precursors are given orally. Studies will be presented 
which link the extent of this increase to the stores of 
coenzyme in tissues and organ depots. 

Vitamin B Complex Studies in Dogs. By Paul J. 

Fours, Indianapolis, Ind. 

Dogs fed a high (41 per cent) casein diet supplemented 
with thiamine hydrochloride, nicotinic acid, riboflavin, 
pyridoSine hydrochloride, and either pantothenic acid, or 
a purified liver extract containing “Filtrate Factor,” 
showed suboptimal growth but appeared normal over long 
periods of time. 

When casein in the diet was reduced to IS per cent, a 
deficiency developed, consisting of loss of appetite, loss 
of weight, moderate to severe anemia, and high incidence 
of skin ulcers. 

Of those examined after death, all showed fatty cir- 
rhotic livers, and many showed peptic ulcers. 

Para-aminobenzoic acid, inositol, an eluate of a clay 
absorption of liver extract, and small amounts of choline 
did not prevent or cure the deficiency. Large amounts of 
choline produced temporarj' improvement in some ani- 
mals. Powdered liver extract was followed by disap- 
pearance of all sjTiiptoms and satisfactory gain in weight 
but more rapid gain in weight was noted in dogs re- 
ceiving the large amounts of choline in addition to the 
liver extract. 


Insulin Resistance. By Jacob Lerman, Boston, Mass, 
Many diabetic patients receiving insulin for the first 
time develop local reactions. Such reactions usually dis- 
appear after a few injections. The serum from several 
such patients was found not to have any circulating anti- 
bodies to insulin. They did show a small titer of anti- 
bodies to bovine and pig serum. The serum of fivo 
patients with persistent local reactions to insulin also 
failed to show antibodies to insulin. They responded to 
insulin in the usual fashion. 

This inability of insulin to produce antibodies was veri- 
fied in numerous animal experiments. Rabbits and 
guinea pigs receiving insulin subcutaneously or intra- 
peritoneally failed to develop antibodies, nor did their 
serum protect a normal animal against a minimal lethal 
dose of insulin. 

Occasionally, a patient receiving insulin becomes re- 
sistant to its effects and requires tremendous doses to 
control the diabetes. One such patient required SOO to 700 
units daily. This resistant state was verified by the fact 
that 10 units of insulin intravenously failed to produce 
the expected drop in blood sugar. The serum of this 
patient contained circulating antibodies to insulin to a 
dilution of 1 : 200,000 and also gave a positive Prausnitz- 
Kustner test. Later, when the requirement for insulin 
dropped to 100 units daily, the titer of antibodies in the 
serum dropped to 1 : 800. Two other patients who ha 
required 2,000 to 2,200 units of insulin daily at the pea ' 
of their resistance, gradually lost resistance over a 1 to 
year period. When their requirement returned to t e 
normal level (40 to SO units daily), no circulating anti 
bodies to insulin were detected. _ 

Consequently it may be concluded that (1) antibo les 
to insulin are antihormonic, (2) insulin resistance is 
dependent upon the appearance and concentration m 
blood of antibodies to insulin, and (3) the return o 
normal insulin sensitivity is dependent upon the disappear 
ance of circulating antibodies. Similar fluctuations in 
antibodies have been observed in humans, such ^ ^ 
appearance of antibodies to cow’s milk protein, egg w i e^ 
and other proteins when infants are first exposed to les 
foods and the subsequent disappearance of the antibo les, 
in spite of continued ingestion of such foods.* 

I have observed the disappearance of antibodies to ^ 
globulin in rabbits repeatedly injected with thyroglo u m 

The Male Climacteric: Its Physiology, Symptomatology^ 
Diagnosis and Treatment. By Carl G. Heller an^ 
Gordon B. Myers (introduced by Elmer L. Sevring 
haus), Detroit, Mich. 

. Urine gonadotropic titers of three orchidectomize^ 
males and five eunuchoids proved to be as high as ^ 
found in oophorectomized and menopausal women. ' ^ 
this loss of gonadal function in the human ma e 'va 

* Anderson, A. F., Schloss, O. M., and Myers, C. 
intestinal absorption of antigenic protein, Proc. Soc. 
per. Biol, and Med., 1925, 23, 180. 
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shown to be nccomp.micii by n rise in urine gonadotropic 
hormone, sncli assays were tiscd as a diagnostic measure 
to determine testicular function in a selected group of 
male patients. Eleven of these, ranging in age from 36 
to 65 j-cars, cjchibitcd gonadotropic titers considerably 
above normal. Some of the titers were as high as those 
found in castrated males and females. 

Tlic sjTnptoms of these eleven patients fell into tlircc 
general groups; (1) Diminution to absence of libido and 
EC-xual potency, which was present in all ; (2) \-asomotor 
symptoms present in ten; (o) psychoncurotic symptoms 
present in all. 

Gonadotropic titers and symptomatology were closely 
followed tlirough a four to five week period of intensive 
testosterone propionate treatment. Similar obsen-ations 
were made after therapy ceased. 

It is concluded that gonadotropic assays can serve as an 
aid in establishing the diagnosis of the male climacteric, 
and have been helpful in delineating it as a clinical entity. 
The male climacteric is an aberrant and pathological 
accompaniment, whereas the female climacteric is an 
mvariable and physiological accompaniment, of the aging 
process. 


Stimutafion of Grozutlt in Pituitary Du'arfs with Chori- 
onic Gonadotropin and Sex Hormones. By Willaw) 
0. Thompson and (by invitation) Norris J. Heckel 
and Richapj) P. iloRsis, Chicago, 111. 

We have previously demonstrated that chorionic go- 
nadotropin and male sex hormone are the most potent 
sfoulators of growth available at the present time, "with 
2 exception of the thyroid hormone in patients with 
cretinism. The effect of chorionic gonadotropin is the 
result of stimulation of production of male sex hormone 
1^ the interstitial cells of the testis. It therefore produces 
e same effect on the skeleton as male sex hormone, 
ccause of lack of effective preparations of pituitary 
ETOwth factor it seemed desirable to observe the influence 
0 these materials on the growth of the skeleton in pitui- 
^ dwarfism. When either substance is administered 
to boys with pituitary dwarfism, the following effects on 
we skeleton are noted : 


Pid inCTease in length of the skeleton. 

Pid aging of bone, as determined by the roentgen 
rey, to such extent that the bone age tends to ap- 
proach the chronologic age. 

cselopment of the musculature and lengthening of the 
trunk, 

^pid aging of the facial expression. 


changes are associated with growth of the gem- 
development of other secondary sex charac- 
influence of male sex hormone is not lim- 
stim 1* but it appears to be a general growth 

.. observations have been correlated with 

growth by Burgess, Wetzel, Todd, Hodges, 
P and Ciley, and others. 


Alterations in Biological Oxidations in Thyrotoxicosis. 
By Robert H. Wiu-iams, Enrique Ecana, Paul Rob- 
inson, Samuel P. Asper, Jr. and Charles H. Dutoit 
(introduced by Henry Jackson, Jr.), Boston, Mass. 

A number of observations in the past indicate certain 
interrelationships between the brain, pituitary thyroid, 
and body cell. For example, removal of the thyroid leads 
to increased pituitary activity; removal of the pituitary 
is followed by atrophy of the thyroid; vitamin B de- 
ficiency has been observed to cause changes in the meta- 
bolic rate and in the histology of the thyroid gland. The 
question of svhether disturbances in the metabolism of 
the body cell may lead to the -development of thyrotoxi- 
cosis warrants investigation. 

We have been stud3'ing various segments of the system 
of biological oxidations in hs-perthyroidism, but this re- 
port is concerned chiefly with pyruvic acid metabolism. 

In a group of 40 unselected th3Totoxic patients from 7 
different hospitals in Boston, the blood pyruvic acid, ob- 
tained from the patients in a resting and fasting state, 
was defim'tely elevated in the majority of instances. 
Diphosphothiamine, in combination with magnesium and 
carboxylase, is necessary for the decarbox3’lation of py- 
ruvic acid. However, in almost all the 40 patients studied, 
the blood diphosphothiamine and free thiamine were loiv. 
It is also of interest that the protein-bound magnesium 
of the senun is increased in nearly all th3-rotoxic patients.- 
Thiamine balance studies indicate that in some patients 
it is difficult to get the blood diphosphothiamine to return 
to normal. Some of the factors which account for this 
are (I) increased rate of oxidation; (2) relatively high 
carboh3'drate diet; and (2) pol3ruria, which is common in 
th3'rotoxic patients. These patients excrete more thi- 
amine in the urine than do other vitamin B deficient pa- 
tients v.-ith the same low thiamine blood level and the 
same diet Tests on 2 thyrotoxic patients showed that 
they could phosphorylate thiamine readily. 

To study further the changes in carbohydrate metabo- 
lism, a series of tests was performed on a group of 6 
th 3 T 0 tcrxic and 6 normal subjects. Fifty grams of glu- 
cose were given intravenously and 8 specimens of blood 
were taken during the succeeding 4 hours. The con- 
comitant changes in the glucose, p3Tuvate, lactate, thi- 
amine, and diphosphothiamine were noted. 

In th 3 Totoxic subjects, the fasting glucose, P 3 Turate, 
and lactate were higher than normal and rose to higher 
levels following the administration of glucose. After the 
injection of 5 grams of sodium pyrm-ate, intravenousl 3 -, 
the pyruvate and lactate also rose to much higher levels 
than in normals and they remained high. Marked vari- 
ations occurred in the response of thiamine and diphos- 
phothiamine; however, in the th3TOtoxic patients these 
substances remained at a lower level throughout the 
experiment 

In some cases, intramuscular injections of magnesium 
tended to suppress the rise in the p3-ruvate and lactate. 
Administration of diphosphothiamine, intraveno-asl5-, also 
had this effect in some instances. 

The cause of the development of these alterations in 
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the biological oxidations and their relationship to the thy- 
rotoxicosis need further study. 

Cyanate Goiter in Man. Report of a Case with Histo- 
logical and Metabolic Studies. By Rulon W. Rawson 
(by invitation), Saul Hertz, and James H. Means, 
Boston, Mass. 

Chesney, Clawson and Webster, and Marine, Spence 
and Rosen, and others, have observed marked hyper- 
plasia in the thyroids of rabbits fed a cabbage diet. Suk 
has reported large nodular goiters occurring endemically 
in a community where cabbage is a principal dietary item. 
The goitrogenic factor in Cabbage has been reported to be 
certain cyanide compounds found in cabbage and other 
members of cruciferae family. Subsequently goiters have 
been produced in experimental animals treated with so- 
dium cyanide, potassium cyanide and methyl cyanide. 
Robinson and O’Hare, and Barker have reported the 
development of goiters in hypertensive patients being 
treated with sodium or potassium thiocyanate. 

We are reporting certain metabolic studies and the 
thyroid histology of one patient who developed a goiter 
after one year’s treatment with potassium thiocyanate 
administered in treatment of hypertension. The blood 
cyanate during the period of treatment varied between 
3.8 mgm. per cent and 8.9 mgm. per cent. While fol- 
lowing the prescribed regimen, the patient improved 
symptomatically and the blood pressure fell from 220/130 
to 140/100 mm. Hg. However, after taking the thio- 
cyanate for one year, the patient complained of swelling 
in the neck. The swelling was found to be a large goiter 
over which a loud bruit could be heard. The gland was 
estimated to weigh about 180 grams. A definite bilateral 
lid lag and exophthalmos were present. The basal meta- 
bolic rate was minus 17. Blood plasma iodine was at 
tlie level of myxedema. A biopsy taken from the gland, 
which at operation was very vascular, disclosed extreme 
hyperplasia with architecture resembling papillary cys- 
tadenoma. The cyanate therapy was stopped, and one 
month later the thyroid was of normal size and the basal 
metabolic rate and blood plasma iodine had returned to 
normal levels. 

We feel that the paradoxical findings in this case, i.e., 
the extreme hyperplasia in the gland, but laboratory signs 
of hypothyroidism, are of interest and may be of funda- 
mental importance in interpreting thyroid physiology. 

Recent Clinical Developments in the Therapeutic Appli- 
cation of Radio-Phosphorus and Radio-Iodine. By 

Joseph G. Hamilton (by invitation) and John H. 

Lawrence, Berkeley, Calif. 

Radio-phosphorus has been employed for the treatment 
of a group of patients with polycythemia vera during the 
past two and a half years. A marked remission of the 
clinical and hematological signs of this disease has been 
observed in the majority of the patients following the 
administration of radio-phosphorus. No evidence of 
either leukopenia or anemia has been observed in any of 


the patients and none developed any symptoms of radia- 
tion sickness. 

A series of experiments with radio-iodine have been 
undertaken with the collaboration of Drs. Mayo H. Soley 
and Karl Eichorn. In these studies, a series of rabbits 
and two dogs were given large doses of radio-iodine (I® 
half-life 8 days) and it was noted that almost complete 
destruction of the thyroid took place in all of the animals 
without evidence of damage to the other tissues of the 
body. Later, much smaller doses of radio-iodine were 
administered orally to three patients with hyperthyroid- 
ism. Four to six weeks later a marked clinical improve- 
ment was noted in each of the patients, with a parallel 
approach of the basal metabolic rate to normal levels. 
No adverse effects from the radio-iodine were noted 
either during or after the administration of this substance. 
Four and a half months later two of the patients were in 
a state of complete clinical remission and the third re- 
quired another small dose of radio-iodine. 

Application of Radioactive Iodine in Therapy of Graves 
Disease. By Saul Hertz and (by invitation) A. 
Roberts, Boston, Mass. 

Previous publications of this series have dealt with 
tracer studies in animals and man. Our present report 
is a preliminary one which gives an account of our ear y 
experiences, both failures and successes, in an attempt to 
evaluate the possibility of using radioactive iodine in a 
practical clinical manner in the treatment of patients 
with Graves’ disease. It is in the nature of a- progress 
report on this work up to date. 

The general plan of the treatment is described and an 
analysis of the 10 (or more) cases in which it has been 
tried is given. , 

Information which we have obtained by careful study o 
the radioactive iodine uptake by the goiters and the un 
nary excretion studies is presented and discussed m re a 
tion to the problem of finding the best means for tie 
administration of this new therapeutic agent. 

A Chejnical Test for the Differentiation of Adrenocortical 
Tumor from Hyperplasia in Markedly Masciihiu-e 
Women. By Harry B. Friedgood (introduced by 
Samuel A. Levine), Boston, Mass. 

Previously reported observations from this laboratory 
are in general accord with those recorded by 
that the total 24-hour urinary 17-ketosteroid ^ 

excretion is above 45 mgm. equivalents of crys a i 
androsterone in cases of virilizing adrenocortical tumori 
and from 15 to 35 mgm. in instances of adrenogenita^ 
syndrome due to adrenocortical hyperplasia. Two cases 
of hyperplasia have been encountered, however, m w 
the 17-KS excretion equaled that found in tumor cases, 
and in one of these, which was a striking examp e o 
pseudohermaphroditism, the 24-hour 17-KS 
was more than 80 mgm. Thus it is not the total 2 - ou 
17-KS excretion which is of significance in differen la 
diagnosis. A differential point may have been oun , 
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however, in the pcrccntnRc composition of the 17-KS 
excretion. Deferminntion of the a nnd /I-stcroids dis- 
clofcd th.it the hitter constituted less thin 15 per cent of 
tlie total 17-KS excreted by the patients with adreno- 
cortical hj-perplasi.a, whcre.as in the viriliainR adreno- 
cortical tumors the ^-steroid fraction accounted for more 
tlian halt of the total IT-KS excreted. 


A. A Method of Ddcrmmnfi the Difiestk’C Acthdly tit 
any Portion of the Htiinan Gastro-lnlestiiial Tract, B. 
Some Meastirements of Protein Digestion in the Stom- 
ach and Small Intestine. By Kr.NnAi.L A. Et.so;t and 
(by invitation) Fmcxcis W. CnoaxocK and pRAXas 
G. DiCKtY, Philadelphia, Pa. 

A method has been devised for measuring the digestion 
of suitable solid food substances anywhere in the human 
gastro-intcstinal tract. The substance to be tested is 
placed in a fenestrated metal cylinder that is housed in an 
outer cylinder whicli protects the contained material from 
the digestive juices. The apparatus is introduced to any 
desired portion of the gastro-intcstinal tract by intuba- 
tion. At the desired moment, the fenestrated cylinder is 
partially ejected from its housing by air pressure, thus 
exposing the test substance to the intestinal juice. The 
amount of material lost by digestion in a measured period 
of time is determined chemically. 

Data are presented on the digestion of pork heart mus- 
cle in 10 normal and 10 achlorhydric stomachs and at 
varied levels of the small bowel of 2 normal subjects. 
The relationship between tlic time of exposure and di- 
gestion of the test material was determined in the normal 
duodenum. Even though all digestive juice is withdrawn 
rom the duodenum by suction before it reaches the appa- 
^tas in the jejunum, the amount of digestion of pork 
hart muscle in 3 hours is not reduced. 

Tests have been made in certain diseases such as re- 
gional enteritis, ulcerative colitis, etc., to determine 
w ether abnormalities in protein digestion can be detected. 


tudies on a Man •with a Large Permanent Gastric Fis- 
of Acid Production, Motility and 
_ ood Flow in the Stomach. By Stewart Wolf (by 
invitation) and Harold G. Wolff, New York, N. Y. 
Through a gastric fistula 4 cm. in diameter, larger than 
i^is St. Martin’s, the stomach mucosa was readily ex- 
amined for long periods with the subject at rest A wide 
range of color changes was observed in the mucous mem- 
rane from moderate pallor to intense blushing. These 
or changes were shown to reflect changes in blood flow 
radiometric measurements and by a modification of 
e smomuhr technic. Acid production and motility were 
fnlT*^^***^ vascular changes in the stomach. The 
ti ralationships obtained: 1. Increased acid secre- 

inT' induced, was invariably accompanied by 

vascularity. 2. At such times there might or 
neve ^ increased motility, but increased motility 
when the mucosa was pale and the acid 
extent amount of motility determined the 

0 emptying. No emptying occurred in the ab- 


sence of stomach contractions. 4. The hydrogen ion con- 
centration of the stomach content did not directly influ- 
ence emptying time. 

Gastric Secretion: Absorption of Radioactive Sodium and 
Heavy Water from Pouches of the Body and Antrum 
of the Stomach of the Dog. By Oliver Cope and 
(by invitation) Waldo Cohx and A. G. Brexizer, Jr., 
Boston, Mass. 

Three dogs with pouches of the body of the stomach, 
the acid secreting area (Cope, Oliver, Charles E. Mac- 
Mahon, Anders Hagstromer and Richard H. Thompson, 
Gastric Secretion. 1. A new gastric pouch with a non- 
leaking stoma and an intact nerve supply; description of 
a two stage technic used on the dog. Arch. Surg., 1940, 
40, 717), and tivo with pouches of the antrum were used. 
Radioactive sodium, as the chloride in hypo-, iso- or 
hypertonic solution, was placed in the pouch and the 
absorption measured by the concentration of radioactivity 
in the blood. Small but reproducible amounts of sodium 
were absorbed from the acid secreting area; twice as 
much was absorbed when the animal was fasting and the 
pouch was secreting a neutral mucoid secretion as when 
the pouch was producing acid. The tonicity of the solu- 
tion made no difference. In the dogs with antral pouches, 
approximately 100 times as much sodium was absorbed 
per unit of surface area of mucosa. There was slightly 
greater absorption from the hypertonic solution but it 
made no difference whether the animal v;as fasting or 
digesting. 

The absorption of heavy water was measured by its 
disappearance from the pouch. It vras made isotonic by 
using sodium chloride, and phenol red was added before 
introducing it into the pouch. Half of the heavy water 
had been absorbed from the acid secreting pouch in 15 
minutes and from the antral pouch in 20 minutes. It 
made no difference whether the animal was fasting or 
digesting. 

It is concluded that the juice collected from a pouch 
of the stomach is contents, not secretion. In any study 
of gastric secretion, concomitant reabsorption of the 
sodium ion and water must be considered. 

The Effects of Sudden Changes in Peripheral Circulation 
Upon Cardiac Output. By Robert W. Wilkiks and 
(by invitation) Johs S. Hoxt, and Carl K. Fried- 
LAXD, Boston, Mass. 

Cardiac output was measured ballistocardiographically 
in supine, normal subjects before, during, and after proce- 
dures designed to alter the peripheral circulation. In 
some experiments, simultaneous records of arterial and 
venous pressure were obtained with Hamilton manometers. 

Decreasing the effective circulating blood volume fay 
congesting 2 or more limbs v.dth blood pressure cuffs at 
70 mm. Hg had only a slight effect upon cardiac output, 
while increasing the circulating blood volume by releas- 
ing the cuffs likewise had a small effect Decreasing 
peripheral blood flow by completely occluding the a'rcula- 
tion in the limbs caused only a small change in cardiac 
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the biological oxidations and their relationship to the thy- 
rotoxicosis need further study. 

Cyanate Goiter in Man. Report of a Case with Histo- 
logical and Metabolic Studies. By Rulon W. Rawson 
(by invitation), Saul Hertz, and James H. Means, 
Boston, Mass. 

Chesney, Clawson and Webster, and Marine, Spence 
and Rosen, and others, have observed marked hyper- 
plasia in the thyroids of rabbits fed a cabbage diet. Suk 
has reported large nodular goiters occurring endemically 
in a community where cabbage is a principal dietary item. 
The goitrogenic factor in Cabbage has been reported to be 
certain cyanide compounds found in cabbage and other 
members of cruciferae family. Subsequently goiters have 
been produced in experimental animals treated with so- 
dium cyanide, potassium cyanide and methyl cyanide. 
Robinson and O’Hare, and Barker have reported the 
development of goiters in hypertensive patients being 
treated with sodium or potassium thiocyanate. 

We are reporting certain metabolic studies and the 
thyroid histology of one patient who developed a goiter 
after one year’s treatment with potassium thiocyanate 
administered in treatment of hypertension. The blood 
cyanate during the period of treatment varied between 
3.8 mgm. per cent and 8.9 mgm. per cent. While fol- 
lowing the prescribed regimen, the patient improved 
symptomatically and the blood pressure fell from 220/130 
to 140/100 mm. Hg. However, after taking the thio- 
cyanate for one year, the patient complained of swelling 
in the neck. The swelling was found to be a large goiter 
over which a loud bruit could be heard. The gland was 
estimated to weigh about 180 grams. A definite bilateral 
lid lag and exophthalmos were present. The basal meta- 
bolic rate was minus 17. Blood plasma iodine was at 
the level of myxedema. A biopsy taken from the gland, 
which at operation was very vascular, disclosed extreme 
hyperplasia with architecture resembling papillary cys- 
tadenoma. The cyanate therapy was stopped, and one 
month later the thyroid Avas of normal size and the basal 
metabolic- rate and blood plasma iodine had returned to 
normal levels. 

We feel that the paradoxical findings in this case, i.e., 
the extreme liyperplasia in the gland, but laboratory signs 
of hypothyroidism, are of interest and may be of funda- 
mental importance in interpreting thyroid physiology. 

Recent Clinical Developments in the Therapeutic Appli- 
cation of Radio-Phosphorus and Radio-Iodine. By 

Joseph G. Hamilton (by invitation) and John H. 

L.awrence, Berkeley, Calif. 

Radio-phosphorus has been employed for the treatment 
of a group of patients with polycythemia vera during the 
past two and a half years. A marked remission of the 
clinical and hematological signs of this disease has been 
observed in the majority of the patients following the 
administration of radio-phosphorus. No evidence of 
cither leukopenia or anemia has been obser\-cd in any of 


the patients and none developed any symptoms of radia- 
tion sickness. 

A series of experiments with radio-iodine have been 
undertaken with the collaboration of Drs. Mayo H. Soky 
and Karl Eichorn. In these studies, a series of rabbits 
and two dogs were given large doses of radio-iodine (I‘“ 
half-life 8 days) and it was noted that almost complete 
destruction of the thyroid took place in all of the animals 
without evidence of damage to the other tissues of the 
body. Later, much smaller doses of radio-iodine were 
administered orally to three patients with hyperthyroid- 
ism. Four to six weeks later a marked clinical improve- 
ment was noted in each of the patients, with a parallel 
approach of the basal metabolic rate to normal levels. 
No adverse effects from the radio-iodine were noted 
either during or after the administration of this substance. 
Four and a half months later two of the patients were in 
a state of complete clinical remission and the third re- 
quired another small dose of radio-iodine. 


Application of Radioactive Iodine in Therapy of Graves 

Disease. By Saul Hertz and (by invitation) A. 

Roberts, Boston, Mass, 

Previous publications of this series have dealt with 
tracer studies in animals and man. Our present report 
is a preliminary one which gives an account of our ear y 
experiences, both failures and successes, in an attempt to 
evaluate the possibility of using radioactive iodine m a 
practical clinical manner in the treatment of patients 
with Graves’ disease. It is in the nature of a- progress 


report on this work up to date. 

The general plan of the treatment is described an an 
analysis of the 10 (or more) cases in which it has been 


tried is given. , 

Information which we have obtained by careful stu y o 


the radioactive iodine uptake by the goiters and the un 
nary excretion studies is presented and discussed in re a 
tion to the problem of finding the best means for tie 
administration of this new therapeutic agent. 


A Chemical Test for the Differentiation of Adrenocortical 
Tumor from Hyperplasia in Markedly Mascu 
Women. By Harry B. Friedgood (introduced by 
Samuel A, Levine), Boston, Mass. 

Previously reported observations from this laboratory 
are in general accord with those recorded by 
that the total 24-hour urinary 17 -ketosteroid (1 
excretion is above 45 mgm. equivalents of ^ crysta i 
androsterone in cases of virilizing adrenocortical ^ 
and from 15 to 35 mgm. in instances of 
syndrome due to adrenocortical hyperplasia. Two CR 
of hyperplasia have been encountered, however, in w i 
the 17-KS excretion equaled that found in tumor 
and in one of these, which was a striking examp 
pseudohermaphroditism, the 24-hour 17-KS 
was more than 80 mgm. Thus it is not the j. j 

17-KS excretion which is of significance in 
diagnosis. A differential point may have been ou 
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liQ\Ycvcr, in ilic pcrccntnr.c cfimpojition of the 17-KS 
excretion. Dclcnnin.ntion of tlic n n!ul p-Mcrohh dis- 
closed th.nt the hitter conMitntcd Ic.'S th.in 15 per cent of 
the total 17-KS c.xcrctcd hy the pntictU.s witli .idrctio- 
eortical InTcrplasi.i, whcrc.is in th.c virilirintr adreno- 
cortical tumors the fl-stcroid fr.iction accounted for more 
tlwn half of tlic total 17-KS c-xcrctcd. 


A. A Method of Deleni^ir.ir.f} the Dioeslhe Aethdty it: 
cr.y Pertior, of the llumat: GnstrO'/r.testiiial Tract. B. 
Scir.e Mear.irev.ents of Prolem Diyestior, vi the Siam- 
cch end Small Intestine. By KitNnAi.t. A. Ki.eom and 
(by insitation) Fr.\ncis \V. CnonKOCK and Fraj.'CIS 
G. Dickey, Philadelphia, Pa. 

A method has been devised for mcasurinf; the diftestion 
of suitable solid food substances anywhere in the human 
Bastro-intcstinal tracL The substance to lie tested is 
placed in a fenestrated metal cylinder that is housed in an 
outer cylinder which protects the contained material from 
the digestive juices. The apparatus is introduced to any 
desired portion of the pistro-intcstinal tract by intuba- 
ttom At the desired moment, the fenestrated cylinder is 
partially ejected from its housing by air pressure, tlius 
exposing the test substance to the intestinal juice. The 
amount of material lost by digestion in a measured period 
ot time is determined chemically. 

Data are presented on the digestion of pork heart mus- 
m 10 normal and 10 achlorhydric stomachs and at 
^ed levels of the small bowel of 2 normal subjects. 

e relationship between the time of c.xposure and di- 
ge^oa of the test material was determined in the normal 
u enum. Even though all digestive juice is withdrawn 
^ e uodenum by suction before it reaches the appa- 
. jejunum, the amount of digestion of pork 
muscle in 3 hours is not reduced. 

einn^i^ Riadc in certain diseases such as rc- 

Colitis, etc., to determine 
2 ormalities in protein digestion can be detected. 

bda- *r ° Permanent Gastric Fis- 

Blood Production, Motility and 

invltaf T Stomach. By Stewart Wolf (by 
bon) and Harold G. Wolff, New York, N. Y. 

Alexises ? ^ diameter, larger than 

®inined for stomach mucosa was readily cx- 

■^nge of colnr subject at rest A wide 

brane from 'j ^” 2 es was observed in the mucous mem- 
‘»^orcha^pr,'^*^’'^‘! blushing. These 

radiometri/ shown to reflect changes in blood flow 
bie stroniuhr terh by a modification of 

Wrrelated wift, Acid production and motility were 
following relatioll!-'^ changes in the stomach. The 
!»». hewC" 1, Inot^sed acid secre- 

increased vascular invariably accompanied by 
'"•gbt not be inrr ' A times there might or 

“'^’cr occurred i^'it increased motility 

output low. 3 Tit was pale and the acid 

of ernnh-tn? motility determined the 

^ emptying occurred in the ab- 


sence of stomach contractions. 4. The hydrogen ion con- 
centration of the stomach content did not directly influ- 
ence emptying time. 

Gastric Secretion; Absorption of Radioactive Sodium and 
Hcai’y IVatcr from Pouches of the Body and Antrum 
of the Stomach of the Dog, By Oliver Cope and 
(hy invitation) Waldo Coiik and A. G. Brenizer, Jr., 
Boston, Jfass. 

Three dogs with pouches of the body of the stomach, 
the acid secreting area (Cope, Oliver, Charles E. ilac- 
Jifahon, Anders Hagstromer and Richard H. Thompson, 
G.istric Secretion. I. A new gastric pouch with a non- 
Ic.iking stoma and an intact nerve supply; description of 
a two stage technic used on the dog. Arch. Surg., 1940, 
40, 717), and two with pouches of the antrum were used. 
Radioactive sodium, as tlie chloride in hypo-, iso- or 
hypertonic solution, was placed in the pouch and the 
absorption measured by the concentration of radioactivity 
in the blood. Small but reproducible amounts of sodium 
were absorbed from the acid secreting area; twice as 
much was absorbed when the animal was fasting and the 
pouch was secreting a neutral mucoid secretion as when 
the pouch was producing acid. The tonicity of the solu- 
tion made no difference. In the dogs with antral pouches, 
approximately 100 times as much sodium was absorbed 
per unit of surface area of mucosa. There was slightly 
greater absorption from the hypertonic solution but it 
made no difference whether the animal was fasting or 
digesting. 

The absorption of heavy water was measured by its 
disappearance from the pouch. It was made isotonic by 
using sodium chloride, and phenol red was added before 
introducing it into the pouch. Half of the heavy water 
had been absorbed from the acid secreting pouch in IS 
minutes and from the antral pouch in 20 minutes. It 
made no difference whether the animal was fasting or 
digesting. 

It is concluded that the juice collected from a pouch 
of the stomach is contents, not secretion. In any study 
of gastric secretion, concomitant reabsorption of the 
sodium ion and water must be considered. 

The Effects of Sudden Changes in Peripheral Circulation 
Upon Cardiac Output. By Robert W. Wilkins and 
(by invitation) John S, Hunt, and Carl K. Fried- 
land, Boston, Mass. 

Cardiac output was measured ballistocardiographically 
in supine, normal subjects before, during, and after proce- 
dures designed to alter the peripheral circulation. In 
some experiments, simultaneous records of arterial and 
venous pressure were obtained with Hamilton manometers. 

Decreasing the effective circulating blood volume by 
congesting 2 or more limbs with blood pressure cuffs at 
70 mm. Hg had only a slight effect upon cardiac output, 
while increasing the circulating blood volume by releas- 
ing the cuffs likewise had a small effect Decreasing 
peripheral blood flow by completely occluding the circula- 
tion in the limbs caused only a small change in cardiac 
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output, as did peripheral vasodilatation or vasoconstric- 
tion produced by warming or cooling the body. Greatly 
increasing peripheral blood flow in the limbs by releasing 
an arterial occlusion of some duration (reactive hyper- 
emia) caused a considerable increase in cardiac output 
but of shorter duration and of lesser magnitude than the 
estimated increase in blood flow in the limbs. The rela- 
tively small changes' in cardiac output produced by the 
above procedures were attributed to the buffering effects 
of the vasomotor system. For example, the presence of 
a compensatory vasoconstriction elsewhere during reac- 
tive hyperemia in the limbs could be demonstrated if the 
circulation in these limbs were suddenly reoccluded a few 
seconds after being released. There was then tempo- 
rarily a rise in arterial pressure, and a reduction in 
cardiac output, often beyond the levels which had existed 
prior to the release. 

The Relation of Postural Hemadilution to Paroxysmal 
Dyspnea. By George A. Perera and Robert W. 
Berliner (introduced by Robert F. Loeb), New York, 
N. Y. 

The present study was undertaken to see whether the 
well-established shifts of body fluid to the blood stream 
following rest in the horizontal position might be a factor 
in inducing left-sided heart failure as manifested by 
paroxysmal dyspnea. 

In order to study the degree of hemodilution which 
may take place in the horizontal position and to correlate 
these changes with the time of appearance of attacks of 
paroxysmal dyspnea, observations were made on the 
serum protein concentration at 2-hourly intervals dur- 
ing the course of 24 hours in 30 normal, ambulatory car- 
diac, and bed patients. Confirmed by exercise and tilt- 
table experiments, the results indicated that recumbent 
rest was associated with a 10 to IS per cent drop in 
serum proteins, presumably due to an increase in plasma 
volume. Supportive evidence of hemodilution was ob- 
tained from hematocrit and red blood cell count deter- 
minations. Hemodilution was associated with a tendency 
toward an increasing venous pressure and a reduced vital 
capacity. No change was noted in the ratio of albumin 
and globulin. 

Diurnal studies of 8 patients with paroxysmal dyspnea 
showed that the attacks took place at a time when maxi- 
mal hemodilution was present, i.c., during the early morn- 
ing hours when the episodes are classically most apt to 
occur. The attacks were terminated by assuming the 
erect position and moving about, activities which were as- 
sociated with a rapid rise in serum protein concentration. 

The effect of assuming the horizontal position with its 
attendant hemodilution is the equivalent of giving a slow 
but sustained infusion. In support of this are the obser- 
vations of Caughey and others that infusions in patients 
with a diminished cardiac reserve may precipitate pulmo- 
narj’ edema. Furthermore, Swank, Porter, and Yoemans 
have recently shown that increases in blood volume of 50 
per cent or more can induce manifestations of left-sided 
failure in normal dogs. 


It is concluded that the increase in plasma volume in- 
duced by horizontal bed rest is a possible factor in the 
production of paroxysmal dyspnea. 

Relationship Between Edema and Rate of Peripheral 

Blood Plotv. By David I. Abramson and Sidney M. 

Fierst (introduced by Louis J. Soffer), Cincinnati, 
Ohio. 

The rate of peripheral blood flow was investigated in 
a series of patients with edematous extremities, using the 
venous occlusion plethysmographic method. The results 
varied, depending upon the etiological factors producing 
the condition. 

In three patients, unilateral edema was present as a 
result of metastasis to regional lymph glands. In two 
of these, the upper extremity was involved, and in both 
instances the blood flow to the hand was practically twice 
as great as that to the normal extremity. In the re- 
maining case, the edema was present in one lower limb, 
and the involved leg demonstrated a rate of blood flow 
which also was almost double that in the other. 

In two patients, edema of the affected upper extremity 
was present during the acute stage of hemiplegia. In 
the one in whom the condition was more marked,^ the 
blood flow in the involved hand was almost three times 
that in the normal one. In the other, no difference in 
the flow was noted between the two hands. 

In four patients, bilateral edema, unassociated witi 
heart failure, was present in the lower extremities; tie 
circulation time in each case being within normal limits. 
The blood flow in the leg in every instance was signi ■ 
cantly increased as compared with the average flow m 
the control group. 

In five patients, bilateral edema of the lower extreroi 
ties was present as a result of cardiac decompensation. 
The rate of blood flow in the leg in this group fell wit^ m 
the range of the figures obtained for the control senes. 

The possible mechanisms responsible for the changes 
in blood flow in edema are considered. 

Renal and Total Circulation in Two Cases of Constrictive 

Pericarditis. By Milton Landowne (by invitation)! 

Ale S. Alving and (by invitation) Wright Adams, 

Chicago, 111. 

The criteria for renal ischemia with "increased efferent 
arteriolar constriction” were satisfied for each of 
tients with proven chronic constrictive pericarditis, 
deviation from normal was more marked than 
countered in arterial hypertension although the o 
pressures were 134/98 and 84/70. The “effective rena 
blood flow” (Co/hematocrit = 752 and 528 cc. per ° 
per 1.73 m.’) was reduced proportionately more than ^ 
cardiac output (C. I. = 1.84 and 1.58), the renal fraction 
being 83 per cent and 65 per cent of its expected 
Glomerular filtration was slightly reduced (Cj ^ ^ ^ 

90 cc. plasma per minute per 1.73 m.’). The P 
“filtration fraction” was, therefore, extremely high ( 
per cent and 31.9 per cent, increases of six times i 
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standard denation (c) of tlie mean normal ^mlucs). 
Maximal tubular excretion of diwlrast was normal 
(Tmf,=46.0 and 50.5 mpm. Ij per minute per 1.73 m.’), 
and consequently, the “plasma flow per unit of functioning 
tubular mass" was very low (Ci,/Tmn = S.27 and 5.55 
cc. per mgm. I., reductions of 3.6 and 5.5 tr). Plasma 
from cadi of these patients, when tested by Dr. I. H. Page 
upon the denen-ated rabbit car, was marhcdly constricting. 

Elevated systemic venous pressure, by increasing re- 
sistance to post-glomerular perfusion, may mimic "in- 
creased efferent arteriolar resistance.” These observa- 
tions arc also compatible with the hypothesis that the 
kidney partidpates in a s-ascular regulation, where, in 
the presence of a reduced cardiac output, renal efferent 
arteriolar constriction and a generalized peripheral vaso- 
constriction arc produced to maintain normal blood 
pressure. 


Search for Renin and Dclcrminalion of Hypcriensin Pre- 
cursor in Plasma of Normal and Hypertensive Pa- 
tients.* By Lewis Dexter and Florenxe \V. Haynes 
(introduced by R S. Emerj', Jr.), Boston, Mass. 

, relationship of experimental to human hypertension 
IS of exceeding importance and is as yet undarified. A 
search for the presence of renin in the blood of hyper- 
tensive patients has therefore been made, together with 
estimations of hj-pertensin precursor in normal and hyper- 
tensive patients. 


Modifications of the direct renin method and of the 
^ecursor method of Lcloir and his associates were used, 
uman renin was prepared as described by Braun- 
enendez and his associates and their assay method was 

^ployed in cats which are 10 to 20 times more sensitive 
tuan dogs. 

The concentration of hypertensin precursor in human 
P asM in 11 hypertensive and 8 normal patients was 
ound to be the same," averaging 2.67 and 2.45 cat units 
^ cc. of plasma respectively. This is approximately 
s same concentration present in dog and beef plasma, 
n our hands, the direct renin method is capable of 
^ unit) of a solution of human 

^ in added to human plasma. This method eliminates 
^on specific substances and has the same order of sensi- 
perfusion methods of isolated organs as 
other workers. No renin was demonstrable 
sev in 10 cc. of plasma of 7 patients wdth 

ere chronic h3ipertensive disease, one of whom had 
malignant hypertension. 


zic/iDiVy of Extracts of Hypertensive 
00 - By Henrv a. Schroeder and C Chester 
took (introduced by C P. Rhoads), New Yorl^ 


An attempt has been 
patients exhibiting 


made to find whether the blood 
arterial hypertension contains 


'The expense of 
grants fron 
Markle Founda' 


investigation was defrayed in 
Armour Laboratories and from 


pressor or other abnormal substances not present in 
normal individuals. 

Concentrates were made from the acidified alcoholic 
filtrates of 50 large samples (120 to 400 cc.) of arterial 
blood so that 1 cc. equalled 20 cc. of original blood. They 
were taken from 38 patients of whom 24 had hypertension 
and 14 did not. Certain differences were found in the 
extracts taken from the two groups. 

A. Picrates of these extracts were formed and the 
intensity of color was measured according to Richter’s 
mcUiod. A color scale was used of concentrations of 
iso-amyl amine picrate. In 32 samples of hypertensive 
blood, the range ran from 1 to more than 10'/ per cc. 
of original blood, the average being 5.6'/. In half, it 
was more than 4. In 14 samples of normal blood, it 
varied from 6.7 to 0'/ per cc. (average 22), in only 3 
being more than 4. Extracts of plasma gave more color 
than did those of cells. 

B. The extracts from 18 of 20 hypertensive patients 
caused pressor responses in rats on intravenous injection, 
lasting 15 to 30 minutes ; and in only 2 of 14 normal sub- 
jects. That portion of the extracts occasioning pressor 
effects was insoluble in petroleum ether and when alkaline 
was soluble in toluene. It was partially purified by 
chromatographic adsorption, and disappeared after treat- 
ment with amine oxidase Toluene extracts containing 
picrates made from 12 samples of hypertensive blood 
were likewise pressor; those made from 5 samples of nor- 
mal blood were not 

In IS hyriertensive patients, the extracts contained the 
pressor material and the picrates together ; in normal pa- 
tients, both were present in only 2 cases. These observa- 
tions indicate that there are diSerences between the 
bloods of hypertensive and of non-hypertensive patients. 

Further Studies of the Mechanism of Nephrotoxic Ne- 
phritis in Rabbits. By Calvin F. Kay (introduced by 

O. H. Perry Pepper), Philadelphia, Pa, 

Nephrotoxic nephritis, produced by the injection of 
anti-renal sera, has been studied extensii’ely^ because of 
its remarkable clinical and pathologic similarity to hu- 
man glomerulonephritis. The virtue of the disease as 
an experimental medium has, however, been dulled by the 
lack of analogy between the supposed mechanism of the 
disease — an attack by injected antibodies directly upon 
the antigen inherent in the kidneys of the recipient — and 
any conceivable mechanism in human nephritis. 

Two years ago it was suggested (Kay) that immu- 
nologic affinity binds nephrotoxic duck protein to the 
kidneys of the injected rabbit, but that nephritis ensues 
only when the nephrotoxin-lddney combination is at- 
tacked by anti-duck protein antibodies formed by the 
rabbit. The latent period between injection and the on- 
set of the nephritis v.'as found to be related to the rate of 
formation of anti-duck antibodies by the rabbit. Inhibi- 
tion of antibody formation by the use of x-ray pre\'ented 
the development of the nephritis. 

The validity of this concept appears to be proven by 
the demonstration in the present experiments, fully con- 
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trolled, that nephritis is readily induced in rabbits ex- 
posed to x-ray and in'jected with nephrotoxic serum by 
the passive transfer of antibodies to duck serum. The 
concept is interestingly analogous to the hypothesis that 
human glomerulonephritis develops as the result of the 
interaction of antibodies with an antigen formed as the 
result of the action of some product of the streptococcus 
upon the kidney. 

The Relation of the Serum Antistreptolysin Titer to the 
Exacerbation in Chronic Glomerulonephritis. By 
David P. Earle, Jr. (by invitation), David Seegal, 
and (by invitation) John D. Lyttle, Emily N. Loeb, 
and Elizabeth L. Jost, New York, N. Y. 

Thirty-three exacerbations in chronic glomerulone- 
phritis were observed in IS of 81 nephritic patients, studied 
for from 4 months to 8 years. Each exacerbation was 
preceded by an infection. An examination of the anti- 
streptolysin titer response to these infections followed by 
exacerbation in chronic glomerulonephritis revealed the 
following : 

1. Twenty-four of the 33 exacerbations were associated 
with rises in serum antistreptolysin titer. In 6, there 
were no rises and in 3, the data were insufficient to de- 
termine whether a rise in titer had occurred. 

2. When it occurred, the greater the magnitude of the 
rise in antistreptolysin titer, the greater was the incidence 
of associated exacerbation in chronic glomerulonephritis. 

3. The exacerbation preceded the onset of the rise in 
serum antistreptolysin titer in 7 of the 8 instances in 
which determinations were performed at intervals that 
permitted conclusions on this point. 

4. There was a high incidence of transient impairment 
of renal function in exacerbations associated with and 
also without rises in serum antistreptolysin titer. 

A Quantitative Analysis of Sulfonamide Bacteriostasis. 
By Harry M. Rose and Charles L. Fox, Jr. (intro- 
duced by A. R. Dochez), New York, N. Y. 

The bacteriostatic effects of sulfanilamide, sulfaguani- 
dine, sulfapyridine, sulfathiazole, and sulfadiazine were 
studied in relation to (1) the minimal effective concen- 
tration (MEC) of the drugs, (2) the amount of para 
aminobenzoic acid required to prevent bacteriostasis, (J) 
the size of inocula, and (4) the type of media employed. 

With E. Coli as the test organism in two different syn- 
thetic inhibitor-free media, the lowest molar concentration 
of each drug required to prevent visible growth with 
inocula of 25 to 25,000 cells per cc. was determined. 
The following values in millimoles per cc. were obtained : 
sulfathiazole and sulfadiazine 4, sulfapyridine 20, sulfa- 
guanidine 500, and sulfanilamide 2500. The minimal 
amount of PAB required to abolish bacteriostasis with 
the MEC of each drug was found to be constant (0.5 
mM. per cc.), giving PAB/drug ratios: sulfathiazole and 
sulfadiazine sulfapyridine %o, sulfaguanidine %ooo, 
and sulfanilamide %ooo. The ratios were shown to be 
the same with drug concentrations above the MEC. 


Cultures inoculated with less than 50,000 cells per cc. 
consistently showed no visible growth with the MEC of 
the drugs. However, large inocula invariably produced 
visible turbidity, even when much greater amounts of 
the drugs were used. Serial counts on growing cultures 
revealed that the number of cell divisions that occurred 
before bacteriostasis was approximately the same (6.5), 
regardless of the size of the inoculum up to 12,000,000 
per cc. The larger inocula, therefore, produced visible 
turbidity although the bacteriostatic effect of the drugs, 
as judged by the limitation of cell division, was as great 
as with the smaller inocula. Similar effects were noted 
with hemolytic streptococci, although the number of cell 
divisions was less than with E. Coli. 

The following conclusions seem warranted: 

(1) The bacteriostatic potency of the sulfonamides is 
directly related to the amounts of PAB required to abol- 
ish their action. 

(2) Bacteriostasis is dependent upon critical concentra- 
tions of the sulfonamides and sulfonamide inhibitor, and 
is unrelated to the number of bacteria. 


Enzymatic Identification of p-Aminobenzoic Acid (PAB) 
in Cultures of Pneumococcus and Its Relation to 
Sulfonamide-Fastness. By G. S. Mirick (introduced 
by O. T. Avery), New York, N. Y. 

It has been previously reported that varying amounts 
of substances which are inhibitory to the bacteriostatic 
action of the sulfonamides are formed when pneumococci 
are grown in an inhibitor-free medium, prepared from 
fresh liver. The chemical nature of the sulfonamide in- 
hibitor produced by bacteria has not been reported, nor 
has PAB been shown to occur in nature except in yeast. 
The amount of sulfonamide inhibitor produced by a 
sulfonamide fast strain of pneumococcus Type I is ten 
times greater than that produced by the parent strain. 
In each case, this inhibitor has certain of the chemica 
characteristics of PAB, being extractable in acid ether 
and giving the diazo reaction. 

There is strong evidence that this substance is actua y 
PAB since it is rapidly destroyed by a suspension of soi 
bacilli which have been specifically adapted to oxidize 
PAB, and is not attacked by the basal inactivated ce s 
of this bacillus. Furthermore, the inhibitor produced^ y 
the pneumococci specifically activates the PAB oxidizing 
enzymes of the soil bacilli grown in its presence. 

The pneumococcal cells themselves contain none o 
substance. The PAB must be either synthesized by the 
pneumococci or enzymatically released from a precursor 
in the liver medium. 


Sulfonamide-Resistant Pneumococci Develop Dun 9 
rreatment of Human Infeetions? By Morton H - 
lURGER, Jr., L. H. Schmidt, and J. M. RuECSECcra ( 
roduced by M. A. Blankenhorn), Cincinnati, Ohio. 

ro determine whether sulfonamide-resistant 

ci develop during treatment of . 

dy was made of the in vitro sensitivity of microorg. 
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isms isolated from patients before and at various limes 
during and after treatment. 

In 62 cases of pneumonia, treated with 15 to SO grams 
of a sulfonamide drug, the sulfonamide sensitivitj' of 
pneumococci isolated during and after treatment was es- 
sentially identical with tliat of organisms obtained prior 
to therapy. In three eases, a moderate increase in re- 
sistance was detected. 

Three eases were studied in which tlic total sulfonamide 
dose c-vcecded 240 grams. In all tlircc, the organisms 
recovered after treatment showed a striking increase in 
their resistance to sulfonamides. In a case of unresolved 
pneumonia, the tj'pe II pneumococci obtained prior to 
treatment were unable to grow in media containing 0,6 
mgm. per cent sulfathiazolc, whereas organisms isolated 
after five weeks of treatment multiplied in 20 mgm. per 
cent of this drug. In another case, that of a patient svith 
subacute endocarditis due to pneumococcus tj-pe VII, or- 
ganisms isolated prior to tltcrapy failed to grow in media 
containing more than 2.5 mgm. per cent sulfapyrazine, 
but organisms isolated after four months of treatment 
grew in media containing SO mgm. per cent of this 
sulfonamide. 

These findings indicate that there is little hazard of 
producing sulfonamide-resistant organisms during the 
short intensive treatment required for pneumococcal pneu- 
monia. However, where prolonged treatment is neces- 
sary, this hazard is considerable. 

Effect of Food and Alkali on the Absorption of Sulfon- 
amide Drugs After Oral and Duodenal Admlnistra- 

tion. By OsLER L. Petersox (introduced by Laurence 

B. Ellis) and Maxwxll Fixeaxo, Boston, Mass. 

A standard 5-gram dose of the various sulfonamide 
drugs was used and absorption was studied by following 
the concentrations of drug in the blood and the amount 
excreted in the urine. The drugs were administered 
alone, with sodium bicarbonate, and as the sodium salt. 
They were given orally and directly into the duodenum, in 
the fasting state and after an ordinary meal (breakfast). 

Sulfapyridine, sulfathiazole, and sulfadiazine behaved 
similarly in comparative studies. When these drugs were 
administered directly into the duodenum, they appeared 
quickly in the blood, but the total amount absorbed was 
small, as indicated by the low maximum levels attained 
and the small percentage of the administered drug that 
could be recovered in the urine. When the drug was 
given orally in the fasting subject, absorption was slightly 
delayed, but the amount recovered was greater. The 
administration of sodium bicarbonate in equal amounts 
usually resulted in earlier attainment of the maximum 
level, but the total amount absorbed was not increased. 
When given orally after a meal, the maximum blood 
concentration of the drugs was higher and the total 
amount recovered in the urine was greater. When given 
as the sodium salts orally before a meal, the levels of 
drug attained and the total amount recovered in the 
urine were almost similar to those obtained from intra- 
venous injection. After a meal, absorption was reduced 


and retarded. When put into the duodenum, the sodium 
salts were absorbed rapidly and completely. Sulfanilam- 
ide was absorbed more rapidly and more completely than 
the other three drugs, when given by mouth or into the 
duodenum. Absorption of this drug also was retarded 
when it was given after a meal. 

The Effects of Thymectomy upon Neuromuscular Func- 
tion in Myasthenia Grains. By A. if. Harvey and 
(by invitation) J. L. Liliesth.al, Jr., and S. A. 
Talbot, Nashville, Tenn. 

Five months after extirpation of the thymus by Dr. 
Alfred Blalock, three patients v,-ith severe myasthenia 
gravis have shown striking clinical improvement and the 
following alterations in the electromyogram, and in the 
reactions to prostigmine and acetylcholine injected into 
the brachial artery. (I) A maximal nerve stimulus ex- 
cites 70 to 100 per cent more muscle fibers. (2) The 
characteristic partial block in neuromuscular transimssion 
has disappeared or has been diminished significantly. 
(2) Prostigmine injected into the brachial artery pro- 
duces fasciculations in the injected area in contrast to 
their absence before operation. (4) Intra-arterial pros- 
tigmine produces normal local motor weakness and a 
normal depression of neuromuscular transmission in two 
patients; the third shows greatly increased prostigmine 
response. (5) Prostigmine induces repetitive responses 
to single stimuli, as in normal subjects. (6) In one sub- 
ject, the myasthenic sensitivity to acetylcholine has dimin- 
ished. These changes represent a return of neuro- 
muscular function to or toward a normal state. 

The occurrence of thymus hyperplasia in myasthenia, 
and the repair of the neuromuscular defect after thymec- 
tomy, indicate a pathogenetic relationship between the 
thymus and myasthenia. It suggests, further, that the 
thymus plays a role in the control of neuromuscular 
function. 

Sporadic Meningoencepkalifis of Undetermined Etiology. 
By Alisox H. Price (introduced by Hobart A. Rei- 
mann), Philadelphia, Pa. 

One may gain the impression from recently published 
tables of classification (Toomey, J. A. M. A., 1940, 115, 
1935; Webster, J. A. M. A., 1941, 116, 2840) that most 
of the cases of nonbacterial encephalitis or meningo- 
encephalitis encotmtered can be grouped as known entities. 
This is apparently not the case, since the majority of 
cases (probably 80 per cent) cannot as yet be diagnosed 
etiologically by immunologic tests now in use or by ani- 
mal inoculation. Only recently three more entities have 
been discovered to be added to the list, namely the Rus- 
sian tick-borne spring encephalitis. West Nile fever, and 
African Bwamba fever; and evidence that other specific 
encephalitides occur is suggested by our recent experience 
in Philadelphia. 

In a few weeks of June, 1941, 4 cases of non-fatal 
meningoencephalitis occurred. The}’ were undistin- 
guished clinically by any but the usual symptoms or signs 
of the syndrome, with a gradual onset urualiy preceded 
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trolled, that nephritis is readily induced in rabbits ex- 
posed to x-ray and injected with nephrotoxic serum by 
the passive transfer of antibodies to duck serum. The 
concept is interestingly analogous to the hypothesis that 
human glomerulonephritis develops as the result of the 
interaction of antibodies with an antigen formed as the 
result of the action of some product of the streptococcus 
upon the kidney. 

The Relation of the Serum Antistreptolysin Titer to the 
Exacerbation in Chronic Glomerulonephritis. By 
David P. Earle, Jr. (by invitation), David Seegal, 
and (by invitation) John D. Lyttle, Emily N. Loeb, 
and Elizabeth L. Jost, New York, N. Y. 

Thirty-three exacerbations in chronic glomerulone- 
phritis were' observed in IS of 81 nephritic patients, studied 
for from 4 months to 8 years. Each exacerbation was 
preceded by an infection. An examination of the anti- 
streptolysin titer response to these infections followed by 
exacerbation in chronic glomerulonephritis revealed the 
following : 


Cultures inoculated with less than 50,000 cells per cc. 
consistently showed no visible growth with the MEC of 
the drugs. However, large inocula invariably produced 
visible turbidity, even when much greater amounts of 
the drugs were used. Serial counts on growing cultures 
revealed that the number of cell divisions that occurred 
before bacteriostasis was approximately the same (6.5), 
regardless of the size of the inoculum up to 12,000,000 
per cc. The larger inocula, therefore, produced visible 
turbidity although the bacteriostatic effect of the drugs, 
as j'udged by the limitation of cell division, was as great 
as with the smaller inocula. Similar effects were noted 
with hemolytic streptococci, although the number of cell 
divisions was less than with E. Colt. 

The following conclusions seem warranted: 

(1) The bacteriostatic potency of the sulfonamides is 
directly related to the amounts of PAB required to abol- 
ish their action. 

(2) Bacteriostasis is dependent upon critical concentra- 
tions of the sulfonamides and sulfonamide inhibitor, and 
is unrelated to the number of bacteria. 


1. Twenty-four of the 33 exacerbations were associated 
with rises in serum antistreptolysin titer. In 6, there 
were no rises and in 3, the data were insufficient to de- 
termine whether a rise in titer had occurred. 

2. When it occurred, the greater the magnitude of the 
rise in antistreptolysin titer, the greater was the incidence 
of associated exacerbation in chronic glomerulonephritis. 

3. The exacerbation preceded the onset of the rise in 
serum antistreptolysin titer in 7 of the 8 instances in 
which determinations were performed at intervals that 
permitted conclusions on this point. 

4. There was a high incidence of transient impairment 
of renal function in exacerbations associated with and 
also without rises in serum antistreptolysin titer. 

A Quantitative Analysis of Sulfonamide Bacteriostasis. 

By Harry M. Rose and Charles L. Fox, Jr. (intro- 
duced by A, R. Dochez), New York, N. Y. 

The bacteriostatic effects of sulfanilamide, sulfaguani- 
dine, sulfapyridine, sulfathiazole, and sulfadiazine were 
studied in relation to (I) the minimal effective concen- 
tration (MEC) of the drugs, (2) the amount of para 
aminobenzoic acid required to prevent bacteriostasis, (5) 
the size of inocula, and (4) the type of media employed. 

Witli E. Coli as the test organism in two different syn- 
thetic inhibitor-free media, the lowest molar concentration 
of each drug required to prevent visible growth with 
inocula of 25 to 25,000 cells per cc. was determined. 
The following values in millimoles per cc. were obtained : 
sulfathiazole and sulfadiazine 4, sulfapyridine 20, sulfa- 
guanidine 500, and sulfanilamide 2500. The minimal 
amount of PAB required to abolish bacteriostasis with 
the MEC of each drug was found to be constant (0.5 
mM. per cc.), giving PAB/drug ratios: sulfathiazole and 
sulfadiazine sulfapyridine Mo, sulfaguanidine Mooo, 
and sulfanilamide Mooo- The ratios were shown to be 
the same witli drug concentrations above the MEC. 


Encymatie Identification of p-Aminobensoic Acid (PAB) 
in Cultures of Pneumococcus and Its Relation to 
Sulfonamide-Fastness. By G. S. Mirick (introduced 
by O. T. Avery), New York, N. Y. 

It has been previously reported that varying amounts 
of substances which are inhibitory to the bacteriostatic 
action of the sulfonamides are formed when pneumococci 
are grown in an inhibitor-free medium, prepared from 
fresh liver. The chemical nature of the sulfonamide in- 
hibitor produced by bacteria has not been reported, nor 
has PAB been shown to occur in nature except in yeast. 
The amount of sulfonamide inhibitor produced by a 
sulfonamide fast strain of pneumococcus Type I is ten 
times greater than that produced by the parent strain. 
In each case, this inhibitor has certain of the chemica 
characteristics of PAB, being extractable in acid ether 
and giving the diazo reaction. 

There is strong evidence that this substance is actua y 
PAB since it is rapidly destroyed by a suspension of ®oi 
bacilli which have been specifically adapted ^ to oxi ize 
PAB, and is not attacked by the basal inactivate ® 
of this bacillus. Furthermore, the inhibitor produce ^ y 
the pneumococci specifically activates the PAB oxi izing 
enzymes of the soil bacilli grown in its presence. 

The pneumococcal cells themselves contain none ot i 
substance. The PAB must be either synthesized by ti 
pneumococci or enzymatically released from a precu 
in the liver medium. 


Sulfonamide-Resistant Pneumococci Develop 
rcatment of Human Infections? By Morton 
iROER, jR., L. H. Schmidt, and J. M. Ruegsegger (m 
oduced by M. A. Blankenhorn), Cincinnati, Uiuo. 

3 determine whether sulfonamide-resistant pncunio^- 

i develop during treatment of .^^^_rgan- 

y was made of the in vitro sensitivity of micro g 
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isms isolated from patients before and at various times 
during and after treatment. 

In 62 cases of pneumonia, treated with 15 to 50 grams 
of a sulfonamide drug, the sulfonamide sensitivity of 
pneumococci isolated during and after treatment was es- 
sentially identical with that of organisms obtained prior 
to tlicrapj*. In three cases, a moderate increase in re- 
sistance was detected. 

Three cases were studied in which tlie total sulfonamide 
dose e.vcccdcd 240 grams. In all three, the organisms 
recovered after treatment showed a striking increase in 
their resistance to sulfonamides. In a case of unresolved 
pneumonia, the tj-pe II pneumococci obtained prior to 
treatment were unable to grow in media containing 0.6 
mgm. per cent sulfathiazole, whereas organisms isolated 
after five weeks of treatment multiplied in 20 mgm. per 
cent of this drug. In another case, that of a patient with 
subacute endocarditis due to pneumococcus t>'pc VII, or- 
ganisms isolated prior to tlierapy failed to grow in media 
containing more than 2.5 mgm. per cent sulfapyrazine, 
but organisms isolated after four months of treatment 
grew in media containing 80 mgm. per cent of this 
sulfonamide. 

These findings indieate that there is little hazard of 
producing sulfonamide-resistant organisms during the 
short intensive treatment required for pneumococcal pneu- 
monia. However, where prolonged treatment is neces- 
sary, this hazard is considerable. 

Effect of Food and Alkali on the Absorption of Sulfon- 
amide Drugs After Oral and Duodenal Administra- 
tion. By OsLER L. Petersom (introduced by Laurence 
B. Ellis) and Maxwtexl Finland, Boston, Mass. 

A standard S-gram dose of the various sulfonamide 
drugs was used and absorption was studied by following 
the concentrations of drug in the blood and the amount 
excreted in the urine. The drugs were administered 
alone, with sodium bicarbonate, and as the sodiiun salt. 
They were given orally and directly into the duodenum, in 
the fasting state and after an ordinary meal (breakfast). 

Sulfapyridine, sulfathiazole, and sulfadiazine behaved 
similarly in comparative studies. When these drugs were 
administered directly into the duodenum, they appeared 
quickly in the blood, but the total amount absorbed was 
small, as indicated by the low maximum levels attained 
and the small percentage of the administered drug that 
could be recovered in the urine. When the drug was 
given orally in the fasting subject, absorption was slightly 
delayed, but the amount recovered was greater. The 
administration of sodium bicarbonate in equal amounts 
usually resulted in earlier attainment of the maximum 
level, but the total amount absorbed was not increased. 
\Vhen given orally after a meal, the maximum blood 
concentration of the drugs was Wgher and the total 
amount recovered in the urine was greater. When given 
as the sodium salts orally before a meal, the levels of 
drug attained and the total amount recovered in the 
urine were almost similar to those obtained from intra- 
venous injection. After a meal, absorption was reduced 


and retarded. When put into the duodenum, the sodium 
salts were absorbed rapidly and completely. Sulfanilam- 
ide was absorbed more rapidly and more completely than 
the other three drugs, when given by mouth or into the 
duodenum. Absorption of this drug also was retarded 
when it was given after a meal. 

The Effects of Thymectomy upon Neuromuscular Func- 
tion in Myasthenia Gravis. By A. M. Harvey and 
(by invitation) J. L. Lilienthae, Jr., and S. A. 
Talbot, Nashville, Tenn. 

Five months after extirpation of the thymus by Dr. 
Alfred Blalock, three patients with severe mj'asthenia 
gravis have shown striking clinical improvement and the 
following alterations in the electromyogram, and in the 
reactions to prostigmine and acetylcholine injected into 
the brachial artery, (i) A maximal nerve stimulus ex- 
cites 70 to 100 per cent more muscle fibers. (2) The 
characteristic partial block in neuromuscular transmission 
has disappeared or has been diminished significantly. 
(2) Prostigmine injected into the brachial artery pro- 
duces fasciculations in the injected area in contrast to 
their absence before operation. (4) Intra-arterial pros- 
tigmine produces normal local motor weakness and a 
normal depression of neuromuscular transmission in two 
patients; the third shows greatly increased prostigmine 
response. (5) Prostigmine induces repetitive responses 
to single stimuli, as in normal subjects. (6) In one sub- 
ject, the myasthenic sensitivity to acetylcholine has dimin- 
ished. These changes represent a return of neuro- 
muscular function to or toward a normal state. 

The occurrence of thymus hyperplasia in myasthenia, 
and the repair of the neuromuscular defect after thymec- 
tomy, indicate a pathogenetic relationship between the 
thymus and myasthenia. It suggests, further, that the 
thymus plays a role in the control of neuromuscular 
function. 

Sporadic Meningoencephalitis of Undetermined Etiology. 
By Alisox H. Price (introduced by Hobart A. Rei- 
mann), Philadelphia, Pa. 

One may gain the impression from recently published 
tables of classification (Toomey, J. A. M. A., 1940, 115, 
1985; Webster, J. A. M. A,, 1941, 116, 2840) that most 
of the cases of nonbacterial encephalitis or meningo- 
encephalitis encountered can be grouped as known entities. 
This is apparently not the case, since the majority of 
cases (probably 80 per cent) cannot as yet be diagnosed 
etiologically by immunologic tests now in use or by ani- 
mal inoculation- Only recently three more entities have 
been discovered to be added to the list, namely the Rus- 
sian tick-borne spring encephalitis. West Nile fever, and 
African Bwamba fever; and evidence that other specific 
encephalitides occur is suggested by our recent experience 
in Philadelphia. 

In a few weeks of June, 1941, 4 cases of non-fatal 
meningoencephalitis occurred. They were undistin- 
guished clinically by any but the usual sjmptoms or signs 
of the syndrome, with a gradual onset usually preceded 



630 


hv 


!inl(! 


rnoc:r.n>{N-(;s oi.- run rtwiTY-rovnrn annual mkhting 

rr.'S'irAtory lr.\r{ inirrfin;), niich,'!! rifudity, 


phnt.'phol.in, ii'.fiita! cotu'uMon ,.r f.onuioirncc. lAntintr from 
o to 9 (by 5 . Ln!hM-at.>ry thu urro nt vnri.incc with the 
u?tinl octtrntrnjijc virus th’wnrcr. hi th.it polymoriihomi- 
clc.nr leukocytosis was uniiormiy prcsriil in the hlowl ami 
rpiual fluid, ktirlhcrtuorc, itumuMo!oj>ic tests and animal 
inoculation with .•spinal fluid and I)!o'><l .sernn), performed 
hy Doctors Joseph Siuadcl and Charles Arnistron,c, pave 
entirely negative results, wliich rules nut lymphocytic 
choriomeniuRitis, equine encephalitis, St. Louis enceph.a- 
litis, Jap.ancsc 15. encephalitis and loupitiR ill. Viennese 
(von Economo) encephalitis and atyjiical poliomyelitis 
were also considered in clinical difTcrentiation but could 
not he tested for, for the want of helpful tests. The 4 
cases we dealt with therefore appear to be ones of a still 
unclassified form of so-called aseptic meningitis or 
mcningoenccphal itis. 


lu intestinal bacteria and, superimposed on tin's, sudden 
tariatioiis occur due to changes in the biotin content of 
the diet. I Itc (luantity of biotin provided by bacteria! 
synthesis seems to be adequate for the needs of man, and 
human subjects probably do not require any biotin in their 
food. 


Gcnuaii Measles as an luciiant of Rheumatic Fever. By 

Mark P. Schultz, Washington, D. C. 

Reports in tlie British niilitarj' medical literature re- 
cently have expressed concern over the possible associa- 
tion of carditis with German measles. In the study of a 
recent epidemic, we have found that although arthritis is 
frequently associated with such infection, carditis appears 
to be a manifestation of rheumatic fever activity, appar- 
ently provoked by the measles infection. This study com- 
prised tlie use of throat cultures and antistreptolysin titra-. 
tions of serum to evaluate the possibility of hemolytic 
streptococcus infection being responsible. 

Studies of Biotin Metabolism in Man.* By Theodore 

W. Oppel (introduced by David P. Barr), New York, 

N. Y. 

Biotin, the most recently purified member of the vita- 
min B complex, is used by many microorganisms and at 
least several species of animals. Chicks become deficient 
if they receive less than 7 to 10 gamma of biotin per 100 
grams of ration, but rats cannot be made deficient by a 
low biotin diet. They must be fed large quantities of 
egg white. This contains a material called avidin which 
prevents the absorption of the vitamin. 

The metabolism of biotin in human subjects has been 
studied. Ordinary diets contain from 30 to 65 gamma, 
and alterations in the amount of biotin in the food were 
accompanied by corresponding alterations in the urine. 
The amount in the urine, however, often exceeded the 
amount in the diet, and even when no food was consumed 
the urine continued to contain quantities of biotin that 
were relatively normal. This urinary biotin was pro- 
vided by synthesis of the vitamin by the bacteria in the 
intestinal tract, for the stools invariably were found to 
contain more biotin than the diet. From 3 to 6 times 
as much biotin was eliminated in the urine and stools as 
the diet contained. 

Apparently in man there is a relatively constant level 
of biotin excretion in the urine, based on biotin synthesis 

* This investigation has been aided by a grant from the 
Josiah Macj', Jr. Foundation. 


Studies Ti'ith Radioactive Dt-Aco Dyes. By Francis D. 
]5fooi!n * .and Lester H. Tobin (introduced by Joseph 
C. Atih), Boston, Mass. 

Radioactive analogues of two colloidal dyes (trypan 
blue and Evans blue or T-1824) have been synthesized. 
The synthesis is not time-consuming and produces a di- 
hrom radioactive d}'e of known chemical structure and 
adequate radioactivity for studies in the intact animal or 
excised tissue. Chemical and biological properties of 
the radioactive dyes are those of their non-radioactive 
counterparts, and include accumulation in areas of in- 
creased capillary permeability, such as abscesses and 
tumors. 

Potential use as a means of localizing abscesses has 
been studied in rabbits. Peripheral abscesses were de- 
tectable in all instances, the dye being given intravenously 
and the animal “scanned” with an externally-placed 
Geiger counter. Abscesses on the abdomen were less re- 
liably diagnosed, 77 per cent giving positive results. 

Possible usefulness as a means of internally radiating 
tumors has been investigated in mice. Ten per cent of 
the tumors accumulated the dye in concentrations equal 
to or greater than the kidneys and spleen. Only a very 
small group accumulated the dye in concentrations greater 
than the liver. Such radioactive colloids might be useful 
as internal radiation therapy if the tumor were wide- 
spread and of high sensitivity. Tumors undergoing 
haemorrhagic necrosis accumulate significant radioactivity 
in the haemorrhagic fluid, suggesting the usefulness of 
coincident therapy with agents increasing the permeability 
of capillaries within the tumor. 

The Prevention of Electrocardiographic Evidences of 
Myocardial Anoxemia by Chemical Means. By Sam- 
uel Peoger and (by invitation) Mark Aisner, and 
Raymond B. Squires, Boston, Mass. 

Certain chemical substances of the dicarboxylic 
acid group have been shown to promote tissue oxidation 
catalytically. 

Under conditions of decreased oxygen tension, the cata- 
lytic effects in vitro of succinic, fumaric, malic, and oxalo- 
acetic acids are even greater than under conditions of 
normal or high oxygen tensions; in some cases, in a 10 
per cent oxygen environment, the oxygen uptake of 
minced heart muscle of a dog is increased by more than 
100 per cent by these substances. 

In intact anesthetized dogs, and under the conditions of 
our experiments, certain electrocardiographic changes 
which occur in the presence of 10 per cent anoxemia are 
sometimes apparently prevented by the previous intra- 
venous administration of sodium succinate. 

* Fellow in Medicine, National Research Council. 
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The Effect of Varying Blood Sugar Levels on the Electro- 
enccf'haiogram in the Normal Adult During Normal 
Breathing and Hyl’crvcntilation. By Jacod E. Fine- 
siN'GER and (by invitation) M. A. B. Brazier and Rob- 
ert S. Schwab, Boston, Mass. 

The results of previous workers with verj’ small num- 
bers of subjects have shown that there is a great indi- 
vidual T-ariation in the clcctroenccphalographic pattern. 
The present study deals with quantitative changes in blood 
sugar level, respiratorj’ volume, electrocncephalographic 
rhythm, and their intercorrelations in a series of 45 nor- 
mal subjects. Repeated electrocncephalographic tracings 
were obtained on each subject during a 3-minute period 
of normal breathing, followed by a 3-minute period of 
controlled and measured hypers’entilation. Blood sugar 
determinations were made after each test 
The following results were obtained: 

1. Normal ventilation. 

(o) No delta actisn'ty was obseiwcd during normal 
breathing at any blood sugar level. 

2. Hyperventilation. 

(а) In 22 per cent of the subjects, no delta wave 
activity at fasting blood sugar levels was observed. 
Delta wave activity could be elicited after the admin- 
istration of insulin. 

(б) Fifty-three per cent of the subjects showed delta 
^vaves at fasting blood sugar levels, but not after the 
ingestion of glucose. 

(c) The remaining 25 per cent showed the presence 
of delta activity at all blood sugar levels, even after 
the ingestion of glucose. 

3. In some subjects, low blood sugar levels produce a 
slowing of the alpha rhythm during normal breathing. 

4. In subjects in whom the ingestion of glucose inhibits 
the production of delta activity on hyperventilation for 3 
minutes, the critical blood sugar level is approximately 
130 mgm. per 100 cc. 

5. In tests in which the blood sugar level was the same, 
the depth of respiration was the deciding factor in deter- 
mining the amount of delta activity present 

6. Since the frequency of alpha rhydhm and the pres- 
ence of delta waves are now used in assessing normal 
electrocncephalographic records, it is essential that all 
tests be carried out at non-fasting blood sugar levels. 

Central Sympathetic Paralysis. By Eugexe A. Stead, 
Jr. and (by invitation) Johx Romano and Richard 
V. Ebert, Boston, Mass. 

The disturbances in function of the sympathetic nervous 
system, resulting from lesions in the medulla produced 
by thrombosis of the posterior inferior cerebellar artery, 
have been studied in 6 patients. This central sympathetic 
paralysis differs strikingly from that produced by pre- or 
post-ganglionic sympathectomy. Instead of the complete 
loss of sympathetic function which peripheral sympathec- 
tomy produces, these patients showed selective impair- 
ment. Sweating and vasoconstriction in response to cool- 


ing the body were markedly impaired. Other functions, 
such as vasodilation from heating the body and vaso- 
constriction in response to sensory stimuli or a deep in- 
spiration, were not affected. 

The mechanism which inhibits vasoconstriction when 
the body is cooled, without interfering with vasodilation 
when the body is heated, is of both theoretical and prac- 
tical importance. The patient with Raynaud’s disease 
tends to improve after either pre- or post-ganglionic 
sympathectomy, because cooling the body no longer re- 
duces the blood flow to the extremities. In a cool room, 
however, he has the severe disadvantage that heating the 
body by wearing warm clothes no longer increases the 
blood flow to the extremities. In the sympathetic paraly- 
sis produced by lesions in the lateral medullary area, this 
disadvantage does not exist 

Experiments were performed which showed that vaso- 
constriction is an active process, while vasodilation is a 
passive one caused by inhibition of vasoconstriction. This 
fact explains why, in this type of central sympathetic 
paralysis, vasoconstriction on cooling the body is incom- 
plete, whereas vasodilation is unaffected. The lesion in 
the medulla destroys the main uncrossed vasoconstrictor 
tract, but partial vasoconstriction still occurs either be- 
cause the lesion in the medulla does not destroy all the 
uncrossed descending sympathetic fibers or because there 
are some fibers from the opposite side which cross below 
the lesion. Inhibition of vasoconstriction, however, re- 
sults in normal vasodilation, because while there is not 
enough sympathetic activity to produce full vasoconstric- 
tion, there is enough sympathetic function to prevent the 
marked increase in tone of the blood vessels which occurs 
after pre- or post-ganglionic sympathectomy. 

Cutaneous and Visceral Pain Sensitivity in Normal Sub- 
jects. By WiiiiAM P. Chapman (by invitation) and 

Chester M. Jones, Boston, Mass. 

One hundred and eighty normal subjects of various 
ages, races, occupations, and emotional types have been 
studied for their perception and reaction to cutaneous 
pain, by a modification of the heat-radiation apparatus of 
Wolff, Hardy, and Goodell. Thirty of these individuals 
were tested for visceral pain sensitivity by distending the 
lower end of the esophagus with a balloon. The percep- 
tion of the pain threshold for cutaneous pain has been 
taken as a beginning, sharp jab sensation, and the “reac- 
tion” to pain as the first motor response to the pain 
stimulus. The only reliable end-point for T-isceral sensi- 
tivity appeared to be the lowest stimulus which produced 
a substemal sensation of begiiming fullness. A correla- 
tion of this visceral sensory threshold was made wdth the 
cutaneous pain threshold in those subjects tested by both 
procedures. 

The results of the cutaneous pain tests indicate a wdde 
range of sensitivity as regards variation in pain threshold 
and reaction to pain. Pain sensitivity' appeared to de- 
crease with age and to vary with race. A group of indi- 
viduals of Nordic stock were less sensitive than similar 
groups of Negroes, Italians, and Russian Jews. There 
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was a significant correlation between the cutaneous pain 
and visceral sensory thresholds. 

The Effect of Cigarette Smoking on the Peripheral Blood 

Flow. By Willis F. Evans (by invitation) and 
.Harold J, Stewart, New York, N. Y. 

In recent years, there has been added interest in the 
effects of smoking tobacco on the human organisms. 
This has to some extent paralleled the increase in in- 
terest in the peripheral circulation. There are in the 
literature data relating to the effect of smoking cigarettes 
on the peripheral blood flow, blood pressure, and heart 
rate. The inferences about peripheral blood flow have 
been made from volume changes in a digit or extremity 
by modified plethysmographs or from local change in tem- 
perature. We have now measured the average peripheral 
blood flow for the whole body surface in cc. per M* 
per minute, by a modification of the method of Hardy 
and Soderstrom, in the course of which we secured not 
only temperatures of various areas of the body but also 
the average surface temperature; in addition, we have 
recorded blood pressure, pulse rate, and basal metabolic 
rate for correlation with the changes in peripheral blood 
flow. 

Observations were made of 10 normal male subjects. 
All observations were made in the morning while the sub- 
jects were in a basal metabolic state, data being recorded 
before, during, and after smoking. Each subject smoked 
on successive days regular or standard cigarettes, so- 
called commercial “denicotinized” cigarettes, and ciga- 
rettes made of cornsilk. In addition, 4 observations were 
made of 3 subjects to secure data about “fully denico- 
tinized” cigarettes. The following effects were observed: 
regardless of the type of cigarette smoked, whether “regu- 
lar,” “denicotinized,” “fully denicotinized,” or cornsilk, 
there occurred, in all except 4 instances, a moderate fall 
in peripheral blood flow, that is to say, the average 
amount of blood allotted to the periphery was decreased. 
There occurred rise in blood pressure and in pulse rate, 
fall in temperature of the extremities and in the average 
surface temperature, and increase in rectal temperature 
of essentially the same magnitude and duration regardless 
of the type of cigarette which was smoked. Nicotine has 
been credited in the previous studies with inducing these 
effects. Since changes of the same magnitude occurred 
from the smoking of commercial denicotinized cigarettes, 
from those fully denicotinized, and from those made of 
cornsilk, it appears that it is not nicotine but some other 
unknown substance which is responsible. 

The Relaiionship of the Coagulation Defect in Hemo- 
philia to a Plasma Proteolytic Enaymc. By Henry J. 

Tagnon, Charles S. Dawdson, and F. H. L. Taylor 

(introduced by George R. Minot), Boston, Mass. 

By shaking oxalated or citrated platelet free human 
plasma with chloroform, a clot is produced which redis- 
solves entirely in the subsequent 5 to 10 days ; when dis- 
solution is complete, the preparation, called chloroform 


plasma, contains an active proteolytic enzyme, responsible 
for the dissolution of the clot, and for the proteolytic be- 
havior of subsequent preparations. This enzyme is asso- 
ciated with the globulin fraction of the chloroform plasma 
from which it can be separated by precipitation at pH 6 
or by dialysis against water. The proteolytic activity of 
this preparation is evidenced by its digestive action on 
gelatin and casein as well as on fibrinogen and fibrin, in 
the absence of bacterial contamination. 

Previous investigations have shown tliat the coagulation 
defect in hemophilia is due to the deficiency of a cell free 
plasma factor associated with the globulin fraction ob- 
tained by precipitation of blood plasma at pH 6 or by 
dialysis. When hemophilic plasma is shaken with chloro- 
form, the clot formed redissolves in a longer time than 
that of normal plasma. Also, when the dissolution is 
complete, the enzymic activity of preparations from hemo- 
philic plasma when tested on fibrinogen and fibrin and 
compared to preparations from normal plasma is mark- 
edly lower. 

These results indicate that, in hemophilia, the deficiency 
of a factor associated with the globulin fraction of the 
plasma (“globulin substance”) is paralleled by a de- 
ficiency in proteolytic activity associated with the globulin 
fraction of chloroform plasma. 

Observations on the Effect of Promin on the Blood of 

Tuberculous Patients. B, E. Hall, H. C. Hinshaw, 

and Karl Pfuetze (introduced by H. Z. Giffin), Roch- 
ester, Minn. 

In tuberculosis, treatment with sodium p,p'-diamino- 
diphenylsulfone-N,N'-didextrose sulfonate (“promin”) ne- 
cessitates administration of the drug over long periods 
and affords the opportunity of studying the delayed as 
well as the immediate effects of this substance. This is 
in contrast to most diseases in which chemotherapeutic 
agents of sulfonamide type are administered for only 
short periods. Eighty-one cases are included in this 
study. Of these, seventy-six were cases of pulmonary 
tuberculosis, three were of renal tuberculosis, one was of 
tuberculosis of bone, and one was of tuberculous menin- 
gitis. Of the cases of pulmonary tuberculosis, hemato- 
logic studies extended over a period of from four to 
nine months in sixty-seven cases and from three to three 
and a half months in five cases. 

The principal effect of promin on the blood was the 
development of anemia as a result of excessive destruction 
of blood. It occurred in all cases and was used as one 
of the criteria for gauging doses. Moderately severe 
acute anemia was observed during the administration o 
comparatively large doses of the drug; on smaller doses, 
chronic anemia was noted. In one case, extremely acute 
hemolytic anemia developed with alarming rapidity during 
the administration of small doses of promin over a peno 
of three days. 

Leukopenia with neutropenia of moderate degree vas 
observed in four cases and agranulocytosis associated wit 
ulcerative lesions in the throat occurred in one case. 
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A Rcl^ort of Clwi'cal Studies ^cUh the Synthetic Dicou- 
marin 3S’-Methyleiicbis (-i-hydroxycoumariu) . By 
Ovid O. Mever and (by invitation) James B. Bikc- 
HAM, Madison, Wis. 

Dr. Karl Paul Link and his associates of the Wis- 
consin Agricultural Experiment Station have reported 
tlie isolation of tlic agent in spoiled sweet clover responsi- 
ble for the hemorrhagic disease of cattle, and the subse- 
quent successful synthesis of a dicoumarin which is bio- 
logically identical. 

During tlie past 18 months, this synthesized substance, 
3,3'-mcthylcncbis (4-hydroxycoumarin) has been em- 
ployed in animal experiments and clinical studies. Pub- 
lished reports have described the experiences in dogs, the 
significant pathologic changes, which included dilatation 
of smaller vessels, the lack of toxicity attendant upon its 
use in reasonable dosage and the efficacy' in prolonging 
the prothrombin time and coagulation time when ad- 
ministered orally, or intravenously in the form of the 
disodium salt 

The present report deals with additional clinical ex- 
periences in cases with thromboses, peripheral vascular 
disease, subacute bacterial endocarditis, and other condi- 
tions. A total of 98 cases have been treated. The pres- 
ent dosage, the indications and contraindications, the ad- 
vantages over heparin, and the hazards associated with 
the use of this dicoumarin will be discussed. Briefly it 
may be stated that a satisfactory oral dose for most pa- 
tients (there is considerable individual variation in re- 
sponse) is 5 mgm. per kgm., followed by daily doses of 
1.5 mgm. per kgm. To date, it has not been demon- 
strated that any clinical condition contraindicates the use 
of the drug if local bleeding, hemorrhagic states, and 
probably advanced hepatic disease be excluded. The 
advantages of the material over heparin include the ready 
availability and low cost, the two successful routes of 
administration, and the sustained effect The chief dis- 
advantage observed to date is the protracted effect after 
the drug is stopped. The coagulation time can be re- 
duced temporarily with fresh blood transfusions, but not 
with vitamin K administration. 

The Dicotimarin-3,3' Methylenebis 4 Hydroxycouinarin. 

Its Pharmacological and Therapeutic Action in Man. 

By Irving S. Weight and (by invitation) Andrew 

Prandoni, New York, N. Y. 

This paper presents data obtained from the study of 
thirty patients who have received this substance under 
well controlled conditions. Data on bleeding and coagu- 
lation times, prothrombin studies, clot retraction, liver 
and kidney function tests, gastric analysis, and other 
laboratory and clinical observations will be presented. 

This dicoumarin produces prolongation of the clotting 
and prothrombin times. The mechanism of action and 
the clinical effects and complications will be discussed. 
Therapeutic indications will be evaluated. Recommended 
dosage, methods of administration and of producing cessa- 
tion of action when desired will be outlined. 


Report of Experimental and Clinical Studies with Dicoii- 
marin. By E. V. Allen and (by invitation) J. L. 
Bollman and N. W. Barker, Rochester, Minn. 
Experimental and clinical studies indicate that dicou- 
marin administered orally increases greatly the prothrom- 
bin time of the blood and increases less markedly the 
cxtravascular coagulation time of the blood. Qinical and 
c-xperimental studies indicate that when the dosage of the 
drug is carefully regulated, no harm results, as no mor- 
phologic or physiologic effects upon the blood, liver, kid- 
neys, and other vital structures have been noted, with 
the exception of the effect on prothrombin and coagulation 
time. Two hundred milligrams given on two or three 
successive days usually prolongs the prothrombin time 
greatly for from seven to ten days, after a latent period 
of twenty-four to thirty-six hours after the original dose. 
When large amounts of the drug are given to animals, 
fatal hemorrhage may occur. The drug has been admin- 
istered to approximately seventy-five patients without 
harmful effects, except for controllable hemorrhage from 
operative wounds in six instances. The prothrombin 
time and coagulation time of the blood of both animals 
and human subjects can be temporarily restored to normal 
by the transfusion of fresh blood. Vitamin K is almost 
entirely ineffective in reducing the prothrombin time when 
it has been increased by administration of dicoumarin. 
The preparation has been found to be very useful in ex- 
perimental studies where it is desired to avoid the intra- 
vascular coagulation of the blood. Intravascular throm- 
bosis, such as that which occurs in thrombophlebitis, has 
not affected any of the treated patients after treatment 
was begun and pulmonary embolism has been entirely 
lacking, although many of the cases were those in which 
the dangers of venous thrombosis and pulmonary em- 
bolism were great. The series is, of course, too small to 
allow a statement relative to the use of this drug for 
prophylaxis against intravascular thrombosis. It appears 
that the use of dicoumarin may replace the use of heparin. 
Obvious advantages are effectiveness by oral administra- 
tion, and cheapness. Since dicoumarin has been used 
clinically, the authors have almost entirely ceased the use 
of heparin. 

read by title 

Studies on the Administration of Normal Human Plasma 
Preserved in the Liquid State. By L. R. Newhouser, 
D. B. Kendrick, and Eugene L. Lozner (introduced 
by Clark W. Heath, Boston), Washington, D. C. 

The results of over 600 administrations of normal hu- 
man plasma, preserved in the liquid state, to over 300 
patients have been analyzed. This plasma was prepared 
by a closed system without any filtration. A glass cloth 
or steel mesh filter was used during the administration. 
The elapsed time between drawing the donors' blood and 
administering the plasma varied from 2 weeks to 12 
months. The average time was 2J^ months. The tem- 
perature at which the plasma was preserved varied from 
4° to 25° C. The amount administered to any one pa- 
tient varied from 30 ml. in an infant to 2500 ml. in a 
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patient with 'severe peripheral circulatory failure. The 
average amount administered was 500 ml. The most 
frequent indications for which plasma was administered 
were the treatment and prevention of secondary shock 
and the treatment of hypoproteinemia. In 86 per cent 
of the administrations, the therapeutic result was bene- 
ficial, and in 14 per cent, it was equivocal. In 1 per cent 
of the administrations, untoward reactions attributable to 
the plasma occurred. The most frequent of these was 
urticaria. It may be concluded that normal human 
plasma may be preserved in the liquid state for periods 
up to at least 12 months and be administered to patients 
with safety and benefit. 

An Experimental Evaluation of the Intensive Drip and 

Other Intensive Methods for the Treatment of Syphilis. 

By Hamiy Eagle and (by invitation) Ralph B. 

Hogan, Baltimore, Md. 

The total curative dose of mapharsen in syphilitic rab- 
bits was only slightly affected by wide variations in the 
frequency of injection, and in the total duration of treat- 
ment. On any method, of treatment, whether intravenous 
drip, or intravenous injections repeated several times 
daily, daily, three times weekly, or weekly, the total 
amount of arsenical tolerated did, however, increase di- 
rectly with the duration of treatment. It follows that 
the margin of safety (chemotherapeutic index) on any 
treatment schedule may be increased many-fold by suit- 
able prolongation of the treatment period. 

In the experimental animal, an intravenous drip over a 
four day period provided a margin of safety between the 
effective and toxic levels only one- third to , one-fourth 
that afforded by standard clinic practice of weekly in- 
jections over a period of many months. The animal stud- 
ies did, however, suggest that it may be possible to con- 
centrate treatment safely along more conservative lines, 
and to administer effective amounts of arsenical within a 
period of four to ten weeks, with a margin of safety 
comparable to that afforded by current procedures. Clin- 
ical studies in tliis direction are now in progress. 

Familial Mediterranean {Target-Oval Cell) and Familial 

African (Target-Sickle Cell) Anemias. By William 

Dameshek,* Boston, Mass. 

Studies of Italian families have revealed several syn- 
dromes ranging in severity from Cooley’s erythroblastic 
anemia and the previously described “Target Cell” Ane- 
mia to cases with mild hypochromic anemia. Severe 
cases show splenomegaly and jaundice, milder ones either 
"hypochromic polycythemia” or mild hypochromia, target 
and oval erythrocytes, increased hypotonic resistance, 
basophilic stippling, and refractoriness to iron therapy. 

These syndromes, inherited as a Mendelian dominant, 
present a high incidence of transmission in the offspring. 
Milder syndromes are inherited from one parent, but the 
severe Cooley’s anemia apparently requires transmission 
from two mildly affected parents. Mediterraneans with 
splenomegaly, a cardiac systolic murmur, diminished 

*From tlie J. H. Pratt Diagnostic Hospital and the 
Blood Clinic, Boston Dispensary. 


hemoglobin, erythrocytosis, refractory hypochromic ane- 
mia, hemolytic jaundice, or basophilic stippling should be 
suspected of a target-cell syndrome. The fundamental 
inherited abnormality is probably a disturbed hemoglobin 
metabolism with the resultant production of abnormally 
thin erythrocytes. 

Numerous clinical and hematological resemblances be- 
tween the essentially Mediterranean target-oval cell syn- 
dromes and the essentially African target-sickle cell syn- 
dromes suggest a fundamental relationship between them. 
This is confirmed by transition forms between the two 
diseases. A large reservoir of flat red cells (“leptocy- 
tosis”) exists in both racial groups, appearing frequently 
as either target-oval or target-sickle-cell syndromes. 

A New Conception of the Cause of Patency of the Ductus 
Arteriosus Based upon Experiments on Its Physiology. 
By J. Allen ICennedy (introduced by C. Sidney Bur- 
well, Boston), Nashville, Tenn. 

There have been many theories of the mechanism of 
closure of the ductus arteriosus at birth, none of them 
backed by experimental evidence. Our studies on the 
physiology of the ductus arteriosus in guinea, pigs have 
resulted in the following: 

(1) The mechanism of closure of the ductus arteriosus 
at birth has two phases : 

(o) An immediate one much like the contraction of 
a muscular sphincter which functionally closes 
its lumen, and 

(h) A slower histological change during which the 
ductus is transformed from a muscular tube to 
the fibrous connective tissue ligamentum arte- 
riosum. 

(2) The ductus arteriosus will close in response to 
the following: 

(a) Normal breathing. 

(b) Mechanical or electrical stimulation to the 
ductus. 

(c) Artificial inflation of the lungs through a tra- 
cheal cannula with either air or oxygen. 

(d) Injection of adrenalin. 

(e) Massage of the carotid sinus. 

Closure of the ductus is not a neurological mechanism. 
Under the proper condition the ductus may be closed and 
opened many times. 

Based on these experiments we have arrived at a new 
conception of the cause of patency of the ductus arte- 
riosus. Instead of being a developmental anomaly or 
abnormality, it may be due to failure of the normal 
physiological process of closure. 

The Quantitative Response of the Smallest Blood Ves- 
sels of the Human Skin to Graded Mechanical Stimu- 
lation and to Local Ischemia in Arterial Hypertension, 
Arteriosclerosis and Certain Allied Disorders. By 
Joseph R. DiPalma and Frances I. Foster (intro- 
duced by J. Hamilton Crawford), Brooklyn, N. Y. 

It has been repeatedly confirmed that the smallest blood 
vessels (precapillary arterioles, capillaries, and venules) 
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take little or no part in the peripheral resistance of the 
hypertensive states. This, however, does not constitute 
absolute proof that such small vessels may- not be in- 
volved in generalized vascular disease in ways other 
tlran can be demonstrated by tlic mere mensuration of 
arteriolar and capillary pressures. In this im-cstigation, 
an attempt was made to elucidate this problem by other 
means. 

The functional responses of the smallest vessels of the 
human skin were quantitated in suitable groups of hyper- 
tensive and arteriosclerotic patients, utilizing two methods 
recently devised and for which physiological, individual, 
seasonal, segmental, and aging characteristics have been 
described. One method measured the constricting re- 
sponses of the small dermal vessels to graded mechanical 
stimulation; the other measured their ability to respond 
by reactive hyperemia to a standardized period of local 
ischemia. Comparison was made with normal data 
simultaneously obtained. 

It was found that neither the patients with arterial 
hypertension nor those with arteriosclerosis had small 
dermal vessel responses in anj' way significantly dif- 
ferent from the expected normal. There was no corre- 
lation between the severity or duration of the lesions and 
the quantitated responses. However, patients with the 
malignant syndrome of hypertension had responses which 
indicated small cutaneous vessels far less sensitive than 
normal. On the other hand, a number of hj’pertensive 
patients with various associated diseases, especially cen- 
tral nerve lesions, had small dermal vessels much more 
sensitive than the normal. 

Avoidance of the Vasoconstrictor Action of Shed Blood 
in Perfusion of the Rabbit’s Ear. By J. L. Guesrant 
(by invitation), J. E. Wood, Jr. and E. M. Landis, 
Charlottesville, Va. 

Attempts to perfuse the rabbit’s ear with defibrinated 
blood from rabbits or dogs, normal or nephrectomized 
by the method of Page (J. Exper. Med., 1940, 72, 301) 
proved difficult in our hands because of immediate, or 
steadily increasing, intense vasoconstriction, beginning as 
soon as the diluted defibrinated blood entered the ear. 
In control observations, to maintain slow flow of de- 
fibrinated blood it was necessary to raise the perfusing 
pressure progressively. Assays of the pressor activity of 
heparinized plasma from hypertensive rabbits, dogs, and 
man were not convincing, partly because the tone of the 
auricular vessels increased unevenly in response to the 
perfusing fluid itself. 

The intense constrictor action of heparinized whole 
blood and defibrinated blood on surviving blood vessels 
has been known for a long time and has been ascribed 
to powerful vasoconstrictor substances released by dis- 
integrating platelets in latent or obvious clotting (Bay- 
liss and Ogden, J. Physiol., 1933, 77, 34P, Janeway ct al.. 
Arch. Int. Med., 1918, 21, S66). In agreement with these 
observations it was found that blood drawn from the 
heart of a normal rabbit into a syringe containing he- 
parin and then perfused through the ear also produced 


progressive constriction, though at a much slower rate 
than defibrinated blood. 

It was observed, however, that the vessels of the rab- 
bit’s car could be kept from constricting and could be 
perfused for two hours or longer, at a constant rate at a 
low and constant perfusion pressure, without edema, only 
if greatest pains were taken to avoid even slight latent 
coagulation. It was necessary to (o) heparinize the 
donor rabbit fully, (6) remove the blood into a syringe 
containing heparin, (c) dilute with heparinized Ringer 
Locke solution, and (d) bubble oxv-gen and CO; through 
the blood constantl 3 ’. Qeaning all glassware of traces of 
constrictor material by preliminary soaking in alcohol 
or by boiling in sodium bicarbonate solution is also ad- 
visable. Under these conditions, the vascular tone re- 
mains low and variations in tone over a two hour period 
are small. The effect of vasoconstrictor substances can 
be demonstrated more clearly because these precautions 
eliminate the more vigorous constrictor action of sub- 
stances associated with clotting. 

In such preparations, it was foimd (a) that 0.2 ca of 
defibrinated rabbit’s blood always produces complete and 
persisting constriction, (6) that rabbit or human serum 
is only slightly less constrictor, (c) that heparinized 
plasma of normal rabbit or man is usuallj- inactive or very 
slightly constrictor, and (d) that pressor substances of 
renal origin are far weaker than the vasoconstrictor sub- 
stance of partially heparinized blood, serum, or de- 
fibrinated blood. It appears that assay of renin or allied 
substances in the blood of hypertensive animals or pa- 
tients must be carried out v.-itb utmost care to avoid arti- 
facts due to liberation of powerful constrictor substances 
in the course of latent or obvious coagulation, in vitro 
or even in vivo. 

Analysis of Breathing Pattern. By John L. Caughey, 

Je., New York, N. Y. 

Little dim'cal use is made of the thousands of spiro- 
graphic tracings which accumulate in metabolism labora- 
tories which employ the closed-circuit method for meas- 
uring oxygen consumption. To determine whether in- 
formation of value could be derived from study of these 
spirograms, a method was devised for carrying out de- 
tailed analysis of breathing pattern. 

Breathing characteristics which could be studied on 
the usual type of tracing, and which represented basic 
components of breathing were selected. These were rate, 
variation in rate, depth, variation in depth, volume of 
ventilation, expiratory pause, expiratoo* mid-position, 
sighs,. sv,-allows, contours of single breaths, and general 
regularity of the whole pattern. 

Careful appraisal of these characteristics was made for 
a series of routine metabolism spirograms obtained from 
500 female and 200 male patients who had a total of 
984 tests. 

On the basis of this material, a range of average breath- 
ing behavior under the conditions of the test could be 
defined. The results obtained suggest that: (7) breath- 
mg behavior may indicate poor attainment of "basal 
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conditions” during the test, (2) some types of breathing 
pattern are not compatible with accurate measurement 
of oxygen consumption, and (3) analysis of spirograms 
may give significant information about the physiological 
characteristics of the individual patient. 

A Simple Method for the Laboratory Diagnosis of Sub- 
clinical Deficiencies of Thiamin, Riboflavin and Nico- 
tinic Acid. By Victor A. Najjar (introduced by L. 
Emmett Holt, Jr.), Baltimore, Md. 

The problem of assaying early deficiencies of these B 
factors has been approached by studying the urinary ex- 
cretion of thiamin, of riboflavin, and of the fluorescent 
substance F,, the excretion of which has been shown* to 
depend upon available nicotinic acid. In previous work, 
by ourselves and others, several procedures have been 
employed : 

(1) The 24-hour urinary excretion, 

(2) Oral load tests, 

(2) Parenteral load tests, in which an arbitrary dose 
of vitamins is given subcutaneously, intramuscu- 
larly, or intravenously, and the urinary excre- 
tion is followed during the succeeding 3 or 4 
hours. 

Each of these procedures has been found to have serious 
objections. The 24-hour excretion tends to be low or ab- 
sent in vitamin deficiency, but it is unfortunately influ- 
enced by the immediate vitamin intake; even markedly 
deficient individuals will excrete considerable amounts 
after ingesting a single vitamin-rich meal. When sub- 
jected to load tests, deficient individuals tend to retain 
the administered vitamin and non-deficient ones to ex- 
crete it. Oral load tests are, however, subject to errors 
caused by differences in rate of absorption, particularly in 
gastrointestinal disorders. The parenteral load tests avoid 
this particular difficulty but are open to two other objec- 
tions: (o) The quantity of vitamin presented for renal 
excretion is so great that it may exceed the renal thresh- 
old, particularly if there is renal impairment, and the 
tests are therefore of limited value in subjects with renal 
disease. (5) We have found that the administration of 
one vitamin may influence the excretion of other B fac- 
tors, and conversely, a deficiency of one B factor may in- 
fluence tlie excretion of another B factor. Such vitamin 
interrelationships, which complicate the interpretation of 
excretion tests, are more conspicuous under “load” 
conditions. 

In order to avoid the difficulties mentioned, we have 
employed a new procedure, designated as the fasting 
"hour excretion” test. We have found that the effects 
of ingested vitamin on vitamin excretion are transitory, 
being -limited to the first few hours. Within 12 hours 
after a vitamin rich meal, the resulting surplus vitamin 
excretion has ceased and the excretion assumes a con- 
stant level which is dependent upon the body resen'e of 
that particular vitamin. 

* Najjar, V. A., Stein, H. J., Holt, L. E., Jr., and 
Kabler, C. V.: J. Clin. Invest., 1942, 21, 263. 


The fasting "hour excretion” test is conveniently per- 
formed as follows. The subject is allowed to eat his 
ordinary evening meal. The following morning, 12 hours 
later, he voids on rising and discards the voiding. One 
hour after this he voids the specimen used for analysis, 
after which he is allowed to eat his breakfast. The speci- 
men is analyzed for thiamin, riboflavin, and F;, the levels 
of these factors indicating the body stores of thiamin, 
riboflavin and nicotinic acid, respectively. 

When the fasting "hour excretion” of any of these fac- 
tors falls to zero it may, be presumed that, for some brief 
period at least, there is a potential vitamin deficit, whereas 
a positive urinary excretion at this most critical period 
of the day {c.g. tlie longest period between meals) indi- 
cates that a surplus is available for urinary excretion and 
that the development of deficiency is not to be feared. 

The fasting "hour excretion” test promises to give a 
more reliable answer than has hitherto been obtainable 
to the question of who needs vitamin supplements and 
who does not. We have studied it only in relation to the 
three vitamins mentioned, but it is possible that it may be 
applicable to other water soluble factors as well. 

Sternal Marrozv in Aplastic Anemia. By L. H. Beizer 
(by invitation) and C. H. Watkins, Rochester, Minn. 
Sternal aspirations were carried out, and the bone mar- 
row was examined, in 12 cases of refractory anemia in 
which the clinical picture was typical of aplastic anemia. 
Those cases presenting evidence of depression of the ac- 
tivity of the bone marrow, and having a relative lympho- 
cytosis, followed the usual clinical course and death oc- 
curred within a short period of time. Those cases in 
which there was evidence of hyperplasia of the bone 
marrow, and in which a lymphocytosis was not observed, 
did not terminate fatally. 

The Relation of Blood Pressure to Alpha Waves in the 
Tips of the Fingers Recorded Simultaneously with a 
Hamilton Manometer and a Plethysmographic Method. 
By Charles Neumann (by invitation) and Alfred 
E. Cohn, New York, N. Y. 

This report deals with exploring whether alpha waves, 
as detected in finger tips, depend upon fluctuations m 
blood pressure. Simultaneous alpha waves and ipsolateral 
intra-radial blood pressures were recorded in ten adults, 
using a plethysmograph and a Hamilton manometer.^ 
There were apparent a number of well recognized 
waves. All subjects exhibited slight inspiratory lowering 
of blood pressure which was concomitant with a small 
decrease in the volume of the finger tip (respiratory 
waves). Four subjects exhibited spontaneous fluctua- 
tions (10 mm. Hg) in blood pressure, occurring five times 
a minute ( ? Traube-Hering waves). These were accom- 
panied by small (5 c. mm.) concordant fluctuations in 
volume of the finger tip. 

But in addition there were many large (10 to 50 c. 
mm.) fluctuations (alpha waves) unrelated in time or 
direction to variations in blood pressure. From these 
data and from previous observations that the alpha waves 
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of adjacent fingers can vary independently, it is concluded 
(1) that the major rhythmic fluctuations in the volume 
of a finger tip have their origin elsewhere Uian in systemic 
blood pressure changes, probably in variations in local 
vasomotor tone, and (2) that rhythmic fluctuations in 
si’stcmic blood pressure arc accompanied by small con- 
cordant changes in the volume of the finger tips; that is 
to say, tlicre arc waves both dependent and independent 
of intra-arterial pressure. 

During tlic past year and a half, it has been shown in 
this laboratory that tlie blood vessels of fingers, toes, and 
cars continuously undergo fluctuations in volume. As 
recorded by a sensitive pneumoplcthysmograph tliese can 
be divided into five tj^pcs of waves. Two are dependent 
upon the cardiac pulse and respiration. The other three 
are slower, larger and more irregular. Because they have 
not been shown to be related to other bodily functions, 
they have been named alpha, beta, and gamma. The 
alpha waves occur on an average of eight times a minute, 
with an average volume of 15 c. mm. (in a finger tip of 
5000 c. mm.). Their rhj-thm is totally irregular, even 
for any one individual. The beta and gamma waves rep- 
resent slower and larger variations in volume. There 
is evidence to show that in excitable individuals alpha 
waves tend to be large and swriable in size, while in more 
placid individuals they are all small. Subjects have been 
classified into psychological t>pes on the basis of their 
alpha waves, 

Ncuiralising Antibodies to the Lansing Strain During 

the Acute and Convalescent Stages of Poliomyelitis.* 

By Thomas B. Turker and (by invitation) Lasyrexce 

E, Youjfo, Baltimore, Ifd. 

Numerous reports in recent years have indicated that 
a majority of normal adults have in their blood serum 
neutralizing antibodies against various strains of polio- 
myelitis virus, including the Lansing strain which has 
been adapted to mice. However, the relationship of the 
presence of these antibodies to onset or recovery in 
clinical poliomyelitis has not been clearly defined. 

During the summer and early fall of 1941, blood speci- 
mens w-ere obtained -on 64 poliomyelitis patients in Balti- 
more at the time of admission to the hospital, and con- 
valescent specimens at intervals up to 6 months. Acute 
and convalescent sera ivere tested simultaneously against 
the Lansing strain of virus, using 12 mice for each serum. 
Seventeen or approximately 27 per cent of the admission 
specimens completely protected the test groups of mice, 
11 or 17 per cent showed partial protection, and 36 or 
56 per cent showed little or no protection. In all but 10 
of the 64 patients, the series of convalescent sera showed 
exactly the same degree of protection as the admission 
sera, and extensive titrations failed to reveal even slight 
differences. The changes observed in the sera of 9 pa- 
tients were slight and occurred in both directions. The 
admission and one-month specimens from one patient 
failed to neutralize the virus, but a sample taken 4 months 

* Aided by a grant from The National Foundation for 
Infantile Paralysis, Inc. 


after the onset of the disease showed definite neutraliza- 
tion. 

It is clear that no relationship was demonstrated be- 
tween the presence or absence of neutralizing antibodies 
to the Lansing strain and the onset of clinical polio- 
mj'elitis, in the outbreak studied, iloreover, recovery 
from acute poliomyelitis was not accompanied by a rise 
in the titre of these neutralizing antibodies. The signifi- 
cance of these findings were briefly discussed. 


Effect of Addition of Dextrose Without Extra Insulin 
to Usual Regimen in Diabetics and Normals Upon Oxi- 
dation of Dextrose, Protein and Fat During Different 
Periods of Day. By James A. Greeke and (by invi- 
tation) Axx DAtTD, Iowa City, la. 

Previous data indicated that a diabetic stored most of 
the dextrose which was added to the usual regimen with- 
out extra insulin, but clinical observations do not sub- 
stantiate it The dextrose, protein, and fat oxidized and 
caloric output have been ascertained, therefore, in dia- 
betics and normals with usual diabetic regimen and with 
added dextrose without extra insulin, for 24 hours winch 
has been divided into morning, afternoon, evening, and 
night periods. Normals oxidized over 90 per cent of 
added dextrose, whereas, diabetics oxidized only 50 to 
60 per cent Proportionately more rvas stored by dia- 
betics, but urine excretion increased appreciably in 2 in- 
stances. Data for morning confirm previous observations 
indicating storage of most of the added dextrose, and as 
a rule less of it was oxidized during this period than 
during afternoon and evening. The oxidation per hour, 
however, does not show any consistent difference for the 
3 periods. That for the night was consistently lower. 
The grams oxidized per hour were not related to height 
of blood sugar levels. Caloric output and oxidation of 
protein were not materially altered, but fat oxidation 
varied inversely to that of dextrose. 


"Body Water" in Pneiwwnia. By David D. Rdtstein, 
K. Jefferson Thomson, Daniel M. Tolmach, Robert 
J. Floody, and William H. Walker (introduced by 
Walter S. Mcaellan), Albany, N. Y. 


As a part of a study on the circulation of patients with 
typed pneumococcus pneumonia, the relationships of those 
simultaneous observations, indicated below, concerning 
“body water” were studied, and the results obtained dur- 
ing and after recovery- from pneumonia were compared. 

The following results were obtained: The plasma vol- 
ume, total blood volume, and extracellular fluid volume 
were increased during pneumonia and returned to "nor- 
mal" following recovery-; the hemoglobin, red blood 
count, and hematocrit (mean corpuscular volume, mean 
corpuscular hemoglobin, and mean corpuscular hemo- 
globm concentration) were unchanged; and the plasma 
speafic gravity- and total blood chlorides were decreased 

dunng pneumonia and returned to “normal” folloa-ine 
rccovenr. 


The results of each of the 
analyzed from the point of 


above determinations were 
view of age, sex, pneumo- 
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COCCUS type, bacteremia, duration of disease, and extent 
of lung involvement. That analysis indicated that age is 
a significant factor in that young individuals tend to show 
these changes to a more marked degree than do older 
individuals. 

The Relationship of Vitamin A to Infection in the Chick 
Embryo. By W. D. Hazelhurst, W. O. Johnston, 
and E. W. Patton (introduced by John B. Youmans), 
Nashville, Tenn. 

The relation of vitamin A to infection has been studied, 
using the chick embryo as the test animal. 

The diet of the pullets was controlled with respect to 
vitamin A as well as other foods.' Eggs from the control 
and deficient group were incubated, and at the 13th to 
.16th day the embryos were inoculated with various 
strains of staphylococci. 

Alterations in the vitamin A intake of the pullets re- 
sulted in parallel alterations in the vitamin A content of 
their eggs, and in the vitamin A content of the embryos 
developing from these eggs. The number of embryos 
surviving to the date of inoculation was significantly 
greater in the deficient group than in the control group. 

A deficient supply of vitamin A did not influence sig- 
nificantly the course of infection in the developing em- 
bryo as judged by survival rates and blood cultures. 

Infection of a chick embryo definitely reduced the vita- 
min A content of the liver and of the total embryo. 

Separation of the Renal Anti-Pressor Substance from 
Certain Non-Specific Depressor Substances Present in 
Renal Extract. By T. R. Harrison, J. R. Williams, 
Jr., and (by invitation) Arthur Grollman, Winston- 
Salem, N. C. 

Since our report before this Society three years ago, 
describing the renal anti-pressor substance, efforts have 
been made to purify this compound. A number of dif- 
ferent fractions which may lower the blood pressure of 
rats have been obtained; 

(1) Histamine and similar toxic substances which are 
not. precipitated by ammonium sulphate and are inactive 
orally. 

(2) Non-dialyzable substances which are ineffective 
orally but may lower pressure when injected. 

(3) Ammonium sulphate: This salt (which is used to 
precipitate the active principle) may, when fed in suf- 
ficient quantity, lower the blood pressure. It may be 
removed by extraction with aqueous picric acid. 

{4) Certain as yet unidentified substances, possibly of 
phenolic nature. 

(5) The renal anti-pressor substance which is present 
in the original ammonium sulphate precipitate and which 
passes through a dialyzing membrane may be precipi- 
tated from the dialysate by saturated aqueous picric acid. 
This is active orally and has little or no toxic effect The 
amounts of this fraction needed in order to induce a 
striking decline in blood pressure correspond to large 
amounts of kidney. 


The Effect of Changes in Body Temperature on Periph- 
eral Circulatory Failure in the Mouse. By John R. 

Williams, Jr., Winston-Salem, N. C. 

Peripheral circulatory failure, as seen in the terminal 
stages of infectious diseases, seems to differ from that 
seen in hemorrhage and trauma, the most outstanding 
variation being the presence of fever in the former. The 
effect of raising and lowering body temperature, and not- 
ing its effect on peripheral circulatory failure, has been 
studied in an attempt to further elucidate this phenomenon. 

Peripheral circulatory failure was produced by the 
intraperitoneal injection of SO per cent succrose in mice, 
a technique which is easily standardized. 

Results indicate that mice kept at a body temperature 
of 39 to 40° C. appear more active and in better condi- 
tion, but they die in a very short time. Mice kept at 
normal body temperature do not appear as well clinically 
but survive a considerably longer time. When the body 
temperature is lowered to 28 to 32° C., the mice become 
comatose and cyanotic and appear very ill. However, 
these mice survive longer and a higher percentage ulti- 
mately survive than in the other groups. The amount of 
fluid that exudes into the peritoneum in all three groups 
is approximately the same and is apparently not influ- 
enced by their body temperature. 

Observations on the Rate of Water Loss from the Skin 

of Humans in a Subtropical Climate.* By G. E. 

Burch and W. A. Sodeman, New Orleans, La. 

The rate of water loss from localized surfaces of the 
body, including areas of high and low rates of clinical 
sweating, was studied quantitatively in a subtropical cli- 
mate, in normal and diseased subjects. These areas in- 
cluded representative segments of the head, trunk, and 
upper and lower extremities. Observations were made 
under controlled atmospheric conditions which were var- 
ied from comfortable to hot environments, 75° F. and 50 
per cent relative humidity and 95° F. and 75 per cent 
relative humidity respectively. They were taken in the 
winter and spring. 

One hundred and ten observations were carried out^ on 
31 subjects. In the normal subjects, a relative typical 
consistent pattern was found. The rate of water loss per 
unit time per unit area was greater in the finger tips 
and palm of the hands, toe tips and sole of the feet, and 
head, in that order, was lowest in the trunk, leg, thigh, 
and forearm, and intermediate in the axillae. A more or 
less uniform increase of water loss occurred in all areas 
following a change of the atmosphere of the room from a 
comfortable one to a hot one. Strikingly different find- 
ings were obtained in the diseased individuals. In sclero- 
derma for example, impairment of water loss in the areas 
of high sweating resulted in a compensatory increase m . 
areas normally low. A patient who experienced marked 
discomfort in a hot atmosphere failed to respond^ nor- 
mally to increased environmental temperature. Similar 
observations of equal interest were found on other ab- 
normal subjects. 

♦Financed by the Rockefeller Foundation, New York. 
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Quaniitalivc Sti‘dies of the Effect of Concentrated Solu- 
tions of Human and Bovine Serum Albumin on Blood 
Volume after Acute Blood Loss in Mon. By James 
T. Heyl (by invitation), Johk G. Gibson, 2nd, Anne 
S nwAciiMAN (by invitation), Ladislas Wojcik (by 
invitation), and Chaw-ES A. Janeway, Boston, Mass. 
The preparation of highly purified albumin from hu- 
man plasma bj' Edwin J. Cohn, Lawrence E. Strong, 
John L. Onde 5 *, and S. Howard Armstrong, Jr., and the 
recent crystallization of bovine scrum albumin by Edwin 
J. Cohn and Walter L. Hughes, Jr., has made a^•ailablc 
concentrated and stable solutions of these proteins as 
substitutes for plasma. It was felt important to investi- 
gate their action under carefully controlled conditions. 

From 10 to 12 per cent of the circulating blood volume 
was rapidly removed from normal human subjects by 
venesection, and a 25 per cent solution of human or crys- 
talline bovine albumin immediately given by vein. 
Changes in the blood volume were carefully followed 
over a three-day period, as measured by the values for 
hemoglobin, hematocrit, total protein, and plasma volume 
determined by the Evans blue dye technique. It was 
found that regardless of whether the subject was de- 
hydrated or not, concentrated albumin solutions rapidly 
augmented the plasma volume. One hour after injec- 
tion, the amount of fluid added to the circulation by each 
gram of albumin averaged approximately 17 cc. This 
is very close to the amount expected from calculations 
based on the related studies of the osmotic pressure of 
these albumin solutions by George Scatchard, Alan C. 
Batchelder, and Alexander Brown, 

The physiologic response was identical with both tj-pes 
of albumin. If the preliminary period of dehydration 
%vas prolonged after the injection of albumin, a slight 
decrease in plasma volume occurred, which was not ob- 
served in subjects given salt and water by mouth. 
Serum and urine potassium did not increase following 
the administration of these hypertonic protein solutions. 

Normal human serum albumin has been proven an 
osmotically powerful blood constituent, whose use in 
concentrated hypertonic solution has not been followed 
by imtoward reactions. Although there have been no 
harmful effects from the injections after several months, 
further studies of sensitivity to crystallized bovine al- 
bumin must be made before its general use will be 
recommended. 

A "Vitally" Stainable Structure in Young Erythrocytes. 

Its Relation to the Howell-Jolly Bodies or "Nuclear 

Rests." By Savas Nrms (introduced by Raphael 

Isaacs, Chicago), New York, N. Y. 

When normal erythrocytes in early stages of develop- 
ment, from avian or mammalian embryos, or new bom 
animals, or from bone marrow of adults, are placed in 
weak solutions of a "vital” dye, large, azure colored 
‘droplets” develop slowly, long after the “reticulum” is 
formed. They s-ary in size, being single or multiple, 
and they are apparently not formed at the expense of the 
reticulum forming substance. When counterstained with 


the Wright stain they resemble the nuclear chromatin in 
color, and are entirely indistinguishable from the so-called 
Howell-Jolly bodies, or "nuclear rests,” observed espe- 
cially in pathologic conditions. 

When red blood cells from patients suffering from 
certain anemias, such as hemolytic icterus, erythroblastic 
anemia, sickle-cell anemia, hemolytic reactions caused by 
chemotherapeutic agents, etc., are placed for a few min- 
utes in a weak solution of a “vital” dye, then filmed and 
counterstained, the percentage of cells showing “nuclear 
rests” is many times greater than that found on films 
prepared and stained in the usual manner. 

It is presumed that the substance responsible for these 
formations is not of chromosomic or nuclear origin, but 
rather a lipoid, which fills the cell during its embryonic 
stage, and which enters into the formation of, or is re- 
placed b 3 ', the hemoglobin, as the cell matures. It may 
be precipitated in vivo by a toxic agent, thus becoming 
readily stainable with the Wright, or similar stains, 
forming the so-called “nuclear rests.” The nuclear rests 
stand in the same relation to the formations here described 
as “stippling” does to “reticulum,” the former being pre- 
cipitated in vivo by a toxic agent, the latter in vitro 
by a “vital” dye. 


The Cause of Low Synovial. Fluid Glucose Concentra- 
tions in Joint Disease. By Marian W. Ropes, Eric 
G. L. Bywaters (by invitation) and Walter Baitee, 
Boston, Mass. 


The present studies were undertaken to determine the 
cause of the low synovial fluid glucose concentrations 
that occur in some cases of joint disease. Significantly 
low concentrations are inadequate for the nutrition of 
articular cartilage, an avascular tissue that is nourished 
by synovial fluid. The normal fluid glucose level depends 
on the difference between the rates of entrance and utili- 
zation. In the past, such low concentrations have always 
been ascribed to increased utilization. 

In order to test this assumption, we have studied the 
entrance of utilizable (glucose) and non-utilizable (thio- 
cyanate) substances into joints wdth normal fasting 
synovial fluid glucose levels (traumatic type of joint 
disease) and joints with low fasting levels (rheumatoid 
and infectious arthritis). 

In the former type, the appearance time of glucose 
was normal (20 minutes) and equilibrium was attained 
rapidly. Thioejanate entrance was also normal. In the 
joints with low fasting fluid glucose levels, the appear- 
ance time of glucose was much slower (40 minutes) and 
the concentration rose only slightly in 2 hours. In such 
cases, tWocyanate entrance was slightly decreased. 

To determine whether these findings were due to in- 
creased utilization or decreased entrance, similar studies 
were made with a non-utilizable sugar, galactose. Re- 
sults very similar to those of the glucose experiments 
wwe obtamed. The possibility of any utilization of 
ga artose was excluded by intra-articular injection of 
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The results indicate that the rate of entrance of glu- 
cose plays a greater role than utilization in determining 
the fluid level. Normally glucose enters more slowly 
than thiocyanate. The rate of entrance is decreased in 
severe cases of rheumatoid and infectious arthritis even 
when thiocyanate enters fairly rapidly. Further evidence 
that tlie delayed entrance is not due to a decreased “per- 
meability” is the fact that the entrance of proteins into 
the same joints is increased. The mechanism whereby 
the entrance of glucose is retarded is unknown. It seems 
probable that it is due to an intermediary chemical reac- 
tion which occurs fairly rapidly in normal synovial tis- 
sues but more slowly in certain types of joint disease. 
Elucidation of the mechanism will presumably indicate 
the mode of transfer of glucose to tissue fluid in all parts 
of the body, a process which even normally causes some 
delay in the entrance of glucose, as is most apparent in 
the case of spinal fluid. 

Capillary Permeability as Determined by the Protein 
Content of Edema Fluid. Studies in Normal Subjects 
with Venous Congestion and in Patients with Acute 
Nephritis. By James V. Warren (introduced by 
Marshall N. Fulton), Boston, Mass. 

Knowledge of the protein content of the capillary fil- 
trate in a given portion of the body and of the extent to 
which physiologic or disease processes alter this fluid by 
changes in the capillary permeability is of both theoretical 
and practical importance. The purpose of this investiga- 
tion was to determine the degree of capillary permeability 
during low-grade venous congestion and in acute nephritis. 

Minimal pitting edema was produced in 8 normal sub- 
jects by obstructing the venous return from the leg for 
a 12-hour period. Thirty mm. Hg was chosen as the 
congesting pressure because this degree of venous ob- 
struction produced little decrease in the resting blood flow 
of the part. From 1.5 to 25 mgm. of edema fluid were 
obtained by inserting several small needles into the sub- 
cutaneous tissue. The fluid was collected in capillary 
tubes of known weight and its nitrogen content was de- 
termined by the method of Kjeldahl. The average pro- 
tein concentration of the edema fluid was 0.9 gram per 
cent. As the protein concentration of normal capillary 
filtrate is not known, it is impossible to say to what de- 
gree the increased venous pressure changed the capillary 
permeability. In view of these experiments, it is un- 
likely that tlie normal capillary filtrate in the leg ex- 
ceeds 0.9 gram per cent protein; it is probably consider- 
ably lower. 

The protein content of the edema fluid in 5 cases of 
acute nephritis ranged from 0.2 to 1.0 gram per cent, with 
an average of 0.5 gram per cent. The protein concentra- 
tion was not significantly greater than that in cardiac 
edema. These data indicate that the edema of acute 
nephritis does not result from a generalized increase in 
capillary permeability, but from retention of salt and 
water because of renal disease. 


The Comparative Effectiveness of Arsenical Compounds 
and Sulfonamide Drugs Against Bacterial Infections. 
By Edwin E. Osgood, with the technical assistance of 
Inez E. Brownlee, Jane M. Armentrout, and Julia 
Joski, Portland, Ore. 

The comparative effectiveness of neoarsphenamine, and 
many other trivalent and pentavalent arsenical compounds, 
and the sulfonamides, against many different bacteria was 
tested, using the technic of human marrow culture which 
permits controlled quantitative studies of the relative tox- 
icity and effectiveness of drugs in an environment similar 
to that in the human body. 

Arsenic trioxide and the six pentavalent arsenicals 
tested were relatively ineffective against all the organ- 
isms investigated. The ten trivalent organic arsenicals 
tested were more effective than any of the ten sulfonam- 
ides against all strains of staphylococci and most strains 
of Streptococcus hemolyticus and Streptococcus viridans. 
They were highly effective against diphtheria bacilli, 
gonococci, and H. influenzae, but were not as effective 
against these organisms as the most effective sulfonam- 
ides. The trivalent organic arsenicals were ineffective 
against pneumococci and of relatively little value against 
typhoid and colon bacilli. 

In the concentrations safely attainable clinically, the 
order of decreasing effectiveness was neoarsphenamine, 
arsphenamine, sulfarsphenamine, trisodarsen, clorarsen, 
and mapharsen ; for the sulfonamides, it was sulfathiazole, 
sulfadiazine, sulfapyridine, and sulfanilamide. 

Neoarsphenamine, therefore, should be the drug of 
choice in many serious bacterial infections, and, of the 
sulfonamides, sulfathiazole and sulfadiazine should dis- 
place sulfanilamide as the drugs of choice in most bac- 
terial infections. 

The Absence of Erythrocyte Reserves in Human Sub- 
jects as Indicated with Radioactive Tagged Cells. 
By Joseph F. Ross and Milan A. Chapin (intro- 
duced by James M. Faulkner), Boston, Mass. 

It is generally believed that the spleen is an important 
reservoir for erythrocytes, and that in times of stress 
(e.g. after hemorrhage or during shock) it contracts and 
liberates 20 to 30 per cent of the total erythrocyte volume 
into the vascular system. 

Erythrocytes containing radioactive iron in their con- 
stituent hemoglobin are “labelled” during their lifetime, 
and can be detected quantitatively after injection into 
compatible human subjects. The total volume of cells 
in such subjects can be determined by applying the 
formula : 

Total volume of cells = 

Total radioactivity of injected cells _ — 

Radioactivity per ml. of recipient’s cells after mixing. 

Volumes determined by this technique 10 minutes after 
injection of the tagged cells were similar to those ob- 
served 24 hours after injection. It is believed that 1 
minutes is too short a period of time to allow mixing of 
the tagged cells with any considerable volume of im- 
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mobilized cells, although complete mixing ivould have 
occurred after 24 hours. Tiic volume of cells in active 
circulation thus appears to be the same as the total 
volume of cells in the vascular system (including the 
splenic sinusoids) and no significant resen’es of crythro- 
cj'tes could be demonstrated. 

The total volume of erythrocytes was not increased by 
administering adrenalin, although the venous hematocrit 
and plasma protein concentration increased 4 to 6 per 
cent. The increase in hematocrit was therefore assumed 
to be due to hcmoconcentration or to redistribution of 
circulating cells and plasma in the vascular system rather 
than to the addition of more cells from tlie spleen or other 
hj-pothesized reservoirs. 

Evidence for an Immune Mechanism as a Cause of 
Rcsisiancc to Insulin. By Francis C. Lowell (in- 
troduced by Qiester S. Keefer), Boston, Mass. 

Insulin tolerance tests with commercial crystalline in- 
sulin made from beef and pork pancreas and a preparation 
of human insulin were done in a diabetic patient exhibit- 
ing marked sensitirity and resistance to crystalline 
insulin. 

Commercial crystalline insulin failed to produce a fall 
in the blood sugar, whereas human insulin caused a 
marked drop. Both types of insulin were capable of 
causing generalized urticaria. Passive transfer skin- 
sensitizing antibodies for both co’Stalline and human 
insulin were present in the patient’s serum. The pa- 
tient’s serum was capable of protecting mice from con- 
vulsive doses of crystalline insulin but failed to protect 
mice against similar doses of human insulin. When the 
allergic antibody was destroyed by heating to 57° C., the 
insulin-neutralizing effect of the patient’s serum in mice 
was still demonstrable. 

These studies suggest that this patient had two immu- 
nological mechanisms involving insulin, one accounting 
for the allergic reactions, the other accounting for the 
resistance. Furthermore, evidence is presented that a 
patient resistant to insulin derived from beef and pork 
pancreas is not necessarily resistant to all insulins. 

The Production of Microspherocytosis of Red Cells and 
Hemolytic Anemia by the Injection of Rattlesnake 
{Crotalus Atrox') Venom. By Frank H. Bethell 
and (by invitation) Karl Bleyl, Ann Arbor, Mich. 
The venom of crotalus atrox (Texas diamond back 
rattlesnake) was administered in sublethal and lethal 
doses to 12 dogs by either intravenous or subcutaneous 
injection. Within 30 minutes, a fall in blood pressure 
occurred associated with an increase in the cell plasma 
volume ratio and the concentration of plasma proteins. 
Subsequently, the plasma proteins fell, usually to a value 
below the pre-administration level. The cell plasma 
volume ratio continued to increase and the hematocrit 
value attained a level up to 50 per cent higher than the 
reading before administration of venom. Although the 
animals presented the picture of surgical shock, the rise 
in the hematocrit level could not be explained entirely by 


loss of fluid from the vascular system, since it was not 
paralleled by increases in the erythrocide count and hemo- 
globin value. Within a few minutes after the intravenous 
injection of cither large or relatively small amounts of 
venom, the erythrocytes showed evidence of swelling and 
change from biconcave to more nearly spherical shape. 
A decrease in the mean cell diameter and an increase in 
the mean thickness were observed. Greatly decreased 
resistance to hypotonic salt solution occurred. By re- 
peated administration of doses of venom too small to 
produce evidence of vascular damage it has been pos- 
sible to induce hemolytic anemia, accompanied by hyper- 
bilirubinemia and reticulocytosis, without apparent intra- 
vascular destruction of the red cells. This experimental 
anemia is analogous to familial hemolytic icterus with 
respect to changes observed in the circulating red cells. 
These studies support the view that the spherical and 
“fragile” erythrocytes characteristic of the latter condi- 
tion do not represent an inborn error in formation of 
erythrocytes but rather an alteration in shape and re- 
sistance which occurs after their release into the 
circulation. 

Kidney Extracts: Chemical Properties and Therapeutic 

Effects in Hypertension. By Orro Schales and 

James V, Warren (introduced by James P. O’Hare), 

Boston, Mass. 

Kidney extracts similar to those of Page and his co- 
workers have been prepared and administered to hyper- 
tensive patients. The concentration of the final product 
was such that 1 ml. represented 75 to 100 grams of fresh 
hog kidney. The extracts contained 2.5 to 4.3 grams of 
nitrogen in 100 ml., 23 to 28 per cent of which were 
present in the form of pseudoglobulins, while the rest 
existed in the form of proteoses, soluble in trichloracetic 
acid, but precipitated by ammonium sulfate and by picric 
acid. Ammonium sulfate and other dialyzable material 
was absent due to prolonged dialysis at 0° C. The renin 
content was about 180 to 250 rabbit units (method of 
Schales and Haynes) in 1 ml. The extracts showed dia- 
Etatic activity, 100 ml. producing 0.5 to 1.1 grams of 
reducing sugar from an excess of starch in 30 minutes 
at 37° C. All extracts were rich in hypertensinase. In 
2 hours, 1 ml. inactivated in vitro all the angiotonin that 
is formed by incubating 1 to 3 liters of beef plasma with 
renin imder optimal conditions. 

Seven patients with malignant and essential hyper- 
tension have been given daily intramuscular injections of 
10 ml. of this renal extract In 2 patients no decrease 
in arterial pressure occurred. In 5 patients the pressure 
decreased after 5 to 10 days of treatment Local reac- 
tions, often accompanied by fever, were observed. In- 
activation of hypertensinase by incubating, for 9 hours 
at 37° C., e-xtracts brought to pH 3.70 did not change the 
depressor effect of the material. 

The data suggest that the depressor effect is probably 
better correlated with the occurrence of non-specific re- 
actions than with a specific depressor agent 
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Quinidine Hydrochloride with Urea Intramuscularly in 
the Treatment of Acute Cardiac Arrhythmias. By 
Joseph E. F. Riseman, and (by invitation) Elliot 
L. Sagall, Melvin I. Sturnick, and Charles Horn, 
Boston, Mass. 

The sudden onset of paroxysms of rapid heart action, 
either spontaneous or complicating other conditions such 
as acute myocardial infarction, may require emergency 
treatment. Such episodes may be accompanied by vomit- 
ing, shock, or other conditions, making oral therapy in- 
advisable. No practical injectable preparations of quini- 
dine have been available, however. 

The addition of antipyrine and urda to quinidine hydro- 
chloride results in a clear, colorless solution. This is 
sufficiently soluble so that a 2 cc. ampule containing 0.3 
grams of quinidine hydrochloride can be prepared. This 
solution has been found suitable for intramuscular in- 
jection and has been stable for 9 months up to the time 
of writing. The present communication deals with meas- 
urements of the speed and duration of action of this 
preparation and the results obtained with its use in the 
treatment of cardiac arrhythmias in man. 

The duration of action of cinchona derivatives on the 
human heart was estimated by repeated measurements of 
the Q-T interval of the electrocardiogram after oral and 
intramuscular administration of quinidine and quinine. 
These studies showed that all cinchona preparations in 
therapeutic dosages exert their maximum effect 1% to 
3 hours after administration. Intramuscular injection 
produced earlier and more decided effects than oral ad- 
ministration of an equivalent dose. As a result of these 
studies, it was evident that if conversion of an abnormal 
rhythm did not occur within 2 hours after the adminis- 
tration of a dose of quinidine, additional medication would 
be required. 

Twenty- three instances of arrhythmias in 19 patients 
were treated by intramuscular injection of quinidine hy- 
drochloride with urea. The optimum initial dose was 0.6 
grams. This was repeated or increased after 2 hours, 
depending on the response. This method of treatment 
was successful in all patients except 3 with sinus tachy- 
cardia. No untoward systemic or local effects were 
observed. 

Studies on the Persistence of Pneumococci in Patients 
with Pneumonia Treated with Sulfonamide Drugs. 
By Robert A. Goodwin (by invitation) and Maxwell 
Finland, Boston, Mass. 

Serial studies of sputum were made in patients with 
pneumococcus pneumonia, during treatment with sulfa- 
thiazole or sulfadiazine. The approximate numbers of 
the original and other types of pneumococci were esti- 
mated and the presence of other organisms noted. In 
about one-half of the cases, pneumococci disappeared from 
the sputum or throat cultures within 48 hours after drug 
tljerapy was started, and in another 30 per cent they could 
not be found after 3 to 10 days. In the remaining cases, 
those who were followed for more than 10 days were 
shown to have chronic or persistent basilar infection of 


the lungs. In occasional cases, new types appeared dur- 
ing the course of treatment and after the original type 
could no longer be found. Antibodies developed in these" 
cases at the usual time. Morphological changes, similar 
to those previously described by Frisch, were observed in 
the pneumococci during the course of sulfonamide 
therapy. 

The Treatment of Bronchiectasis by Means of Continuous 

Postural Drainage {A Preliminary Report). By 

Claude E. Forkner and (by invitation) Alphonse E. 

Timpanelli, New York, N. Y, 

An ideal to be accomplished in the medical treatment 
of bronchiectasis would be (o) to drain the bronchiectatic 
cavities by some method to keep them clean and dry; (fi) 
to prevent resoiling of lungs with infected material from 
the upper respiratoiy tract. 

These objectives can be accomplished by constant drain- 
age with elevation of the middle of the bed on a suitable 
rack. Six patients have been so treated with encouraging 
results — decrease in quantity of sputum, improvement in 
the character of the sputum, decrease in cough, cessation 
of hemoptysis, gain in body weight, lessening of physical 
signs of the disease, and betterment of the general health 
of the patients. 

In conjunction with this study, a preliminary series of 
observations showed that, in thirty-five unselected cases 
of bronchiectasis, 86 per cent had an absent (twenty-one 
cases) or markedly reduced (nine cases) pharyngeal re- 
flex. A control series of normal adults exhibited this 
phenomenon in only IS per cent of cases. No definite 
conclusion has been drawn from this observation, but it 
may have an important bearing as a causative factor in 
bronchiectasis. 

Heat Production in Muscular Disease. By A. T. Mil- 

HORAT and (by invitation) J. D. Hardy and A, Fair, 

New York, N. Y. 

The heat production of ISO subjects, including SO nor- 
mals and 100 patients with muscular disease, was deter- 
mined, The muscular syndromes included dystrophy, 
wasting subsequent to disease of the nervous system, and 
various disturbances of muscular function. Investiga- 
tions of the metabolism of creatinine and creatine fur- 
nished data for computing the total functioning muscular 
mass of the body and for estimating the reduction in mus- 
cular mass due to wasting. Several of the patients were 
studied in the calorimeter of the Russell Sage Institute 
of Pathology, which permitted observations on direct and 
indirect calorimetry and respiratory quotient. In pa- 
tients who had not yet reached puberty, muscular wast- 
ing was without significant effect on heat production, 
even when the excretion of creatinine and other obser- 
vations suggested a reduction of as much as 60 per cent 
of the total muscular mass. In the adult patients, mus- 
cular wasting often was associated with decrease in total 
heat production, but this change was only slight or mod- . 
erate in comparison with the reduction in muscular mass 
and in excretion of creatinine. These observations were 
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practically uniform in all the various muscular disorders 
that were investigated, with the notable exception of myo- 
tonia atrophica in which tlic decrease in heat production 
sometimes was greater than were the changes in muscular 
mass and function. The findings in this condition arc 
postulated as being related to changes in organs other 
tlum the muscles. 

Tkc Influence of Secondary Factors on Induced Leu- 
kemia. By Franklin R. Miller, Philadelphia, Pa. 
Cellular proliferations which resemble human leukemia 
may be induced in the organs of guinea pigs by the in- 
jection of e.xtracts of urine from patients with the disease. 

It seems possible that various factors such as infec- 
tion, injections of proteins, anaphjdactic shock, and expo- 
sure to benzol may have an influence on the induced 
disease. 

Small doses of avirulent cultures of staphylococcus 
albus caused the death in twentj'-four hours of animals 
previously prepared by injections with the urinary 
extract. 

These animals had myeloblastic bone marrows and 
two had reductions of white blood cell counts to 600 prior 
to death. Normal animals given ten times the dose of 
the same culture of staphylococcus albus showed no ill 
effects. 

Horse serum when given simultaneously with the in- 
jection of urinary extract increased the cellular prolifera- 
tions in the organs of guinea pigs. With this combina- 
tion the lymphoid disease also has been induced in rab- 
bits. Treated animals which were sensitized to protein 
have shown few signs of anaphylaxis when tested for this 
phenomenon. 

The injection of benzol prior to and simultaneous with 
the injection of urinary extract has not increased the 
disease, but in some instances seems to have retarded 
the process. 

The lack of resistance to infection and the lack of 
anaphylaxis may indicate lowered immunity in these ani- 
mals. A sparing action of one substance for the other 
may be elicited when benzol and urinary extracts are used 
together. 

The Effect of Paravertebral Sympathectomy on Circula- 
tory Functions in Essential Hypertension. By Weight 
Adams and Irene Sanbeford (introduced by C. Phil- 
lip Miller), Chicago, III. 

Seven patients with essential hypertension have been 
studied before and at intervals after removal of the para- 
vertebral sympathetic chains from the stellate ganglion to 
the eleventh dorsal level or below. The data are not 
sufHdent to justify conclusions regarding the value of 
this procedure in the treatment of hypertension, but its 
effect on some physiologic functions is uniform and in 
certain respects unexpected. 

The pulse rate and oxygen consumption were pro- 
gressively diminished during the first six months after 
operation, with little tendency to change during the second 
SIX months. The arteriovenous oxygen difference in- 


creased during the first six months and decreased during 
the second six months in most cases. The cardiac output 
per minute was usuall3’ progressively reduced for the 
first six months. None of these changes was regularly 
related to blood pressure changes. Marked postural re- 
duction of blood pressure occurred after operation, with 
little or no tendency to recovery during the first year. 
Measured e.xercise caused a further fall of blood pressure 
with comparatively little acceleration of the pulse. 

The progressive nature of some of these changes is 
contrary to the usual concept that interruption of neiwous 
pathwaj's causes abrupt changes in function w’ith a tend- 
ency to recovery. None of these patients showed clinical 
evidence of reduction of cardiac reserve. 

Prenatal Electrocardiography. B3’ Arthur J. Geiger 
and (b3’ invitation) Allan V. N. GoodVer and Willys 
M. Monroe, Nev.' Haven, Conn, 

A clinically practicable technique for recording the 
electrocardiogram of the human fetus in utero has been 
developed by using a single stage resistance-coupled am- 
plifier of simple construction in conjunction with a con- 
ventional portable electrocardiograph. The amplified fetal 
heart potentials were successfull3' picked up by disc elec- 
trodes on the pregnant subject’s abdomen as early as the 
fourth month of pregnanc3'. Positive results have been 
found in 80 per cent of the tracings obtained during the 
last six lunar months of pregnancy, and with more recent 
refinements in technique the results have been practically 
100 per cent positive in the last three lunar months. 

The technique permits the prompt differential diagnosis 
of pregnancy from other abdominal tumors, it is free from 
false positive results, and it is less time-consuming than 
biological tests for pregnancy. A positive result is cer- 
tain proof of life of the fetus. 

The dim'cal value of the procedure is illustrated by 
twelve instances in which the question of dead fetus was 
answered corTectl3- in all but one. Twin pregnancy has 
been recorded electrocardiographically in each of three 
available instances, and a case of triplets has been 
recorded. 

Observations on the Vascular Volume and Blood Pressure 
in Minute Vessels of Patients vcilh Hypertension and 
Certain Other Conditions. By J. C. Horiensitne (in- 
troduced by E. M. Landis), Charlottesville, Va. 

By means of the pressure plethysmograph (Landis and 
Gibbon, J. aim Invest, 1933, 12, 105), graded external 
pressures ranging from 5 to 140 mm, Hg were applied 
to the forearm. At each pressure “dynamic vascular 
volume" was measured (a) hy decrease in the volume of 
the forearm when circulation was stopped b3' inflating to 
300 mm. Hg a narrow cuff at the axilla, and (b) by 
increase in the volume of the forearm when circulation 
was resumed after 2 minutes’ complete oedusiom 
In normal subjects, characteristic pressure-volume 
curves were observed in which the greatest “dynamic 
vascular volume” appeared at external pressures be- 
tween 20 and 35 mm. Hg. The maximal “dynamic vas- 
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cular volumes” averaged 1.3 cc. per 100 cc. of forearm 
for (a) and 1.8 cc. per 100 cc. of forearm for (b). These 
values were the same in subjects during fasting and after 
meals. Known grades of venous congestion reduced the 
“dynamic vascular volume” and moved the left limb of 
the pressure-volume curve toward higher pressures, with- 
out affecting the right limb. Simple dehydration lowered 
“dynamic vascular volume” without changing pressure 
relationships. Anemia had no effect on either volume 
or pressure. Free aortic regurgitation tended to move 
the pressure-volume curve toward lower pressures. 
Vasoconstriction and decreased circulating blood volume 
produced by venous congestion of 3 extremities reduced 
“dynamic vascular volume,” and moved the summit of 
the curve to slightly higher pressures. 

In hypertension, vascular volume remained approxi- 
mately normal, but the summit of the pressure-volume 
curve was extremely flat and extended to pressures over 
twice the normal magnitude. The observations indicate 
that in hypertension the “dynamic vascular volume” is 
still approximately normal, suggesting, as have studies 
by others on blood flow, that the vasoconstriction of 
hypertension differs from vasoconstriction of neurogenic 
origin. 

An Evahition of the Use of Dicoumarin (3,3’-MetJiy- 

lenehis-4-Hydroxycoumarin) as an Anticoagulant, and 

Its Effect on Certain Plasma Constituents. By 

Charles S. Davidson and Harriet MacDonald (in- 
troduced by Maurice B. Strauss), Boston, Mass. 

The use of dicoumarin as an anticoagulant which may 
replace heparin in clinical medicine has been advocated 
by several investigators.’-’ ^ 

The chemical nature of the substance differs widely 
from that of heparin, as does its physiological action. 
These physiological differences of action of the two sub- 
stances are presented. 

As compared to heparin, dicoumarin develops its anti- 
coagulant effect slowly, and the recovery of the patient 
from the effects of the drug is much slower than from 
heparin, the effect of which is usually transitory. 

Transfusion of whole blood in at least one case was 
inadequate for the control of the prolonged coagulation 
time produced by dicoumarin. 

The coagulation time of venous blood measured by 
glass tubes does not give an index of the early changes in 
the coagulability of the circulating blood. The present 
observations suggest that the employment of lusteroids 
tubes shows marked changes in the coagulability of the 
circulating blood. 

Dicoumarin causes changes in the plasma that are at 
the moment not fully understood. There is no doubt 

1 Butt, H. R., Allen, E. V., and Bollman, J. L., Proc. 
Staff Meet, Mayo Clin., 1941, 16, 388. 

= Bingham, J. B., Meyer, O. O., and Pohle, F. J., Am. 
J. M. Sc., 1941, 202, 563. 

3 Obtainable in the form of centrifuge tubes from the 
Inteniational Equipment Company, Boston, Mass. 


that dicoumarin increases the coagulation time of the cir- 
culating blood and lowers the prothrombin concentration. 
There are certain characteristics of dicoumarin, such as 
difficulty of control, and its chemical nature, which sug- 
gest that caution should be used in the acceptance of 
the material as a general anticoagulant. 

The Effect of Separate Inoculation of Vaccine Virus and 
Immune Scrum on the Protection Test. By Robert F. 
Parker, Cleveland, Ohio, and (by invitation) Robert 
H. Green, New York, N. Y. 

Protection against infection with vaccine virus has been 
shown to result when immune serum is inserted intra- 
dermally in rabbits, with the virus inoculated later. This 
passive immunity gradually disappears. The present ex- 
periments were designed to measure the rate at which 
the protection is lost by inoculating graded amounts of 
virus at various intervals after the administration of 
serum. It was found that with the serum used, the 
amount of protection which was afforded declined regu- 
larly with time, but some was still demonstrable 96 hours 
after administering serum. Other experiments were done 
with the administration of serum by intradermal infiltra- 
tion at different times after graded amounts of virus had 
been inserted. Although it has been stated that protec- 
tion can be secured by this method only if the serum is 
inserted almost at once, the results of these more exact 
measurements show that good protection is afforded with 
a serum-virus interval of 6 hours. Slight, although prob- 
ably significant, protection was obtained when serum was 
administered as late as 48 hours after virus inoculation. 
This is well within the incubation period for a lesion 
which might result from the small inoculum of virus. 

A Statistical Study of Certain Etiologic Factors in Rheu- 
matoid Arthritis. By Charles L. Short, Walter 
Bauer and (by invitation) Nathan R. Abrams and 
Philip E. Sartwell, Boston, Mass. 

Results are presented from a statistical study of 293 
unselected patients with rheumatoid arthritis and a similar 
number of controls of corresponding age and sex. Our 
object was not only to confirm or refute some prevailing 
conceptions of the natural history of the disease, but also 
to uncover etiologic implications, especially by compari- 
son with other diseases of less obscure origin. 

Of the patients studied, 64 per cent were females, but 
this ratio was reversed in the 39 cases with spinal in- 
volvement. Special localizations of other diseases show 
a similar change in sex ratio. Our findings for the age 
of onset were compared with census figures for the age 
distribution of the population at risk and the chi-square 
test applied. No significant departure was found in 
males, but in females a marked increase was discovered 
in the age group 50 to 54. This finding suggests the 
influence of the menopause but our studies show no close 
relationship between the cessation of menstruation and the 
onset of the disease. 

A significantly increased familial incidence of both 
rheumatoid arthritis and rheumatic fever was found in 
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patients as compared v.-ith controls, but tlic evidence is 
not sufficient to establish an hcreditarj' factor. No rela- 
tionship could be shown between rheumatoid arthritis 
and diseases of known allergic origin on tlie basis of 
familial or personal incidence of allergic manifestations. 
The validity of fatigue and anorexia as prodromal symp- 
toms was established by means of questioning both pa- 
tients and controls. Our data suggest that these and 
other constitutional symptoms may mark the real onset 
and that so-called precipitating factors, including acute 
infections and strain, merely determine a more easily 
recognizable phase with articular localization of the 
morbid process. 

Changes in Blood Histamine FoIIouwg Burns, Surgical 
Operations and Hemorrhage. By Paul G. Weil (by 
invitation) and J. S. L. Browne, Montreal, Canada. 
Previous studies by Rose and Browne showed that the 
changes in blood histamine after severe bums could be 
divided into three phases: (J) an immediate, inconstantly 
occurring rise, (2) a fall below the normal level, and 
(3) a subsequent rise to or above normal. The second 
phase was the most constant and was associated with the 
period of edema and hemoconcentration. Further studies 
in twelve cases of bums confirm these findings for severe 
bums. In the case of mild bums showing slight or no 
hemoconcentration, the fall of blood histamine was slight 
or not present at all. The early rise occurred incon- 
stantly as before. 

Rose and Browne also reported lowered blood hista- 
mine levels after surgical operations. In cases developing 
shock, the blood histamine fell to low levels ; in those not 
developing shock, it fell slightly. Tv/elve further cases 
have been studied before, immediately after, and at daily 
intervals, for one week after surgical operations. The 
previous findings are confirmed. 

In order to estimate the role of hemorrhage in these 
changes, a study on blood donors was made. After loss 
of 500 cc. of blood in ten healthy male donors there was 
a fall to an average level 40 per cent below the initial 
level at the end of the bleeding which occupied about 
fifteen minutes. At this time, an average fall of 7 per 
cent in hemoglobin had already occurred. 

In order to determine whether the decrease in blood 
histamine represented destruction or transfer to extra- 
vascular spaces, the cerebrospinal fluid histamine content 
svas determined in four cases undergoing brain operations. 
There was no shock in these cases. The blood histamine 
fell moderately and simultaneously histamine which was 
absent before operation appeared in the cerebrospinal 
fluid, rose to a maximum at a time when the blood his- 
tamine was at its lowest level and disappeared again as 
the blood histamine rose. In general, the results suggest 
that a fall of blood histamine occurs in conditions in vs'hich 
a transfer of fluids to extravascular spaces is occurring 
and a subsequent rise in blood histamine takes place 
when fluid is being transferred in the opposite direction. 
The possible significance of these findings is discussed. 


Gold Metabolism FoIIotving the Administration of Cal- 
cium Aurothiomalate and Aurothioglucose in Oil to 
Patients viith Rheumatoid Arthritis. By R. H. Feey- 
35ERC and (by invitation) W. D. Block and G. S. 
Wells, Ann Arbor, Mich. 

Patients with active rheumatoid arthritis were in- 
jected intramuscularly with different amounts of calcium 
aurothiomalate (a relatively insoluble salt suspended in 
oil) ; other patients were treated similarly with aurothio- 
glucose (a readily soluble salt prepared in an oily sus- 
pension). The gold content of plasma, synovial fluid, 
and saliva, was determined frequentl 3 ', and the dailj' 
excretion of gold in urine and feces was measured for 
manj' weeks during and after treatment The plasma 
gold concentrations and twentj'-four-hourly urinary ex- 
cretion of gold of many other patients were determined 
at intervals during and after treatment with these same 
salts. 

The gold content of plasma of patients injected with 
calcium aurothiomalate was always distinctly and often 
markedly less than previously observed after the admin- 
istration of water soluble salts of gold (gold sodium 
thiomalate and gold sodium thiosulfate), containing 
equivalent amounts of gold. Similarlj- the excretion of 
gold was considerably less than occurred following in- 
jections of soluble gold salts. Rapid increases in plasma 
concentration and urinary excretion of gold never oc- 
curred following injections of the calcium salt, a result 
sharply in contrast to results after injection of soluble 
gold salts. 

The plasma concentration and excretion of gold follow- 
ing administration of an oily suspension of aurothioglu- 
cose was usually about 70 per cent as large as obtained 
after the injection of comparable amounts of gold con- 
tained in aqueous solutions of other gold salts. Greater 
variations occurred when the oily suspensions were 
employed. 

The significance and implications of the results will be 
discussed in regard to possible therapeutic and toxic 
efliects. 

Effects of Cozymase Upon the Growth of Staphylococci 
and AtUistaphylococcal Action of the Sulfonamide 
Compounds. By Wesley W. Spink and (by invita- 
tion) Jean Jepjista Vivtko and Olaf Mickelsen, 
Minneapolis, Minn. 

West and Cobum have stated that cozj-mase (coenzyme 
I) inhibited the bacteriostatic action of sulfap 3 'ridine for 
the staph 3 -lococcus, whereas nicotinic add and thiamin 
chloride did not. Strauss, Dingle and Finland were un- 
able to confirm this finding. The 3 ' pointed out, that al- 
though nicotinic acid and thiamin chloride are essential 
growth factors for the staph 3 ’Iococcus, coz 3 mase would 
act as a growth stimulus in place of both nicotinic add 
and thiamin chloride. We are reporting the results of 
our observations concerning the inhibitor 3 - effect of coz 3 -- 
inase upon the bacteriostatic action of the sulfonamides, . 
and also offering an explanation for the confirmed ob- 
servation that coz 3 mase will stimulate growth of the 
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staphylococcus equally as well in the presumed absence 
of both nicotinic acid and thiamin chloride. 

Utilizing two preparations of cozymase, it was found 
that the material contained small but adequate enough 
quantities of thiamin chloride to support growth of the 
staphylococcus in a synthetic medium. It is reasonably 
assurned that the organisms, in the presence of nicotinic 
acid and thiamin chloride, utilize the former compound 
as cozymase for cellular reproduction. When certain ex- 
perimental conditions were fulfilled, cozymase, but not 
thiamin chloride and nicotinic acid, inhibited the bac- 
teriostatic action of sulfanilamide and sulfapyridine. 
against staphylococci. 

Experience with the Heller and Heller Test for Follicle- 
Sthmilating-Horinone in the Urine in Endocrinological 
Diagnosis. By Harry F. Klinefelter, Jr., and Grace 
Griswold (by invitation), and Fuller Albright, 
Boston, Mass. 

With impaired gonadal function in either sex, one finds 
an excess of follicle-stimulating-hormone (FSH) in the 
urine if tlie trouble lies primarily within the gonads them- 
selves. Hence, tests for excess of FSH have been very 
useful in endocrine diagnosis. Furthermore, the assump- 
tion has been made that, if an individual had obvious 
gonadal insufficiency and did not have an excess of FSH 
in the urine, the cause of the gonadal insufficiency was 
in all likelihood a decrease in FSH production. The 
present studies were planned to throw further light on 
this assumption. 

In order to test the urine for a subnormal amount of 
FSH, it was first necessary to separate the toxic products 
from the hormone. This has been accomplished by the 
use of the Heller and Heller procedure which dialyses off 
the toxic products. The authors have used this method 
with minor modifications. 

The present studies include observations on normal 
individuals to show how many mouse units of FSH can 
be expected in the urine of a normal individual per 24 
hours. The remainder of the data concern quantitations 
of FSH in the urine of patients in whom there was 
reason to believe that the FSH was decreased or absent. 

Antithromboplastin in Hemophilia. Effect of Intravenous 
Injection of the Hemophiliac’s own "Thromboplasli- 
nised” Plasma. By Leandro M. Tocantins, Phila- 
delphia, Pa. 

Incubation of normal or hemophilic plasma, collected 
zcfith especial precautions, with dilute aqueous extracts of 
brain tissue reduces the thromboplastic activity of these 
extracts. The antithromboplastic potency of hemophilic 
plasma is greater than tliat of normal plasma. This ex- 
cess constitutes perhaps the primary defect responsible 
for the slow coagulation of hemophilic blood and the 
low thromboplastin content of citrated hemophilic plasma. 

Antitbromboplastin may be neutralized i)i vitro by in- 
cubating citrated plasma, for a given time interval, with 
sterile aqueous extracts of brain tissue. A transitory 
diminution in the venous blood coagulation time of hemo- 


philiacs follows the slow intravenous injection of their 
own thromboplastinized plasma. There were no un- 
usual symptoms, or any changes in the blood prothrom- 
bin and fibrinogen, following injections of the plasma. 

Aseptic Meningitis of Known and Unknown Etiology. 

By Jos. E. Smadel, New York, N. Y. 

Materials from 165 individuals with aseptic meningitis 
have been studied in an attempt to establish the etiology 
of each patient’s disease. Twenty-five of the group had 
choriomeningitis; this was proved by isolating the virus 
or by demonstrating complement-fixing or neutralizing 
antibodies in their convalescent bloods. Sera collected 2 
to 5 weeks after onset contained the former antibody in 
17 of 19 instances but the latter in only 3 of the 19. 
Subsequently, all 25 patients developed neutralizing sub- 
stances and 23 had complement-fixing antibodies. Four 
years’ experience with tlie complement-fixation technique 
has proved its value in the early diagnosis of chorio- 
meningitis. 

Five of 50 patients with aseptic meningitis not caused 
by the virus of lymphocytic choriomeningitis had in their 
early and late sera significant amounts of complement- 
fixing antibodies for psittacosis. The interpretation of 
these findings must rest on additional observations; how- 
ever, the neurotropic tendencies of viruses of the psitta- 
cosis group in experimental animals are established and 
their capacity to produce aseptic meningitis should be- 
considered, even though the present observations do not 
conclusively prove that this group of agents was active 
in these cases. 

Six patients developed aseptic meningitis during or 
following mumps and were thought to have mumps 
meningitis. No etiology could be assigned for the disease 
of 129 of the 165 patients. Aseptic meningitis apparently 
is a clinical syndrome, caused by a number of infectious 
agents. The responsible agent should be identified, if 
possible, in each case. 

The Fate of Colchicine in the Body. By Austin M. 

Brues, Boston, Mass. 

The distribution and excretion of colchicine, following 
intravenous administration to rats, has been studied by 
means of a new colorimetric method, and tlie findings 
checked by bioassay using mice (for toxicity) and tissue 
cultures (for cytological action). Following injection, 
the blood concentration falls rapidly and reaches an al- 
most constant level after a few minutes. This blood level 
is slightly higher than that in most tissues. Colchicine 
is excreted in bile, and also directly into the intestine, so 
that for several hours after administration between 10 
and 25 per cent of the administered dose is found in the 
small intestine and its contents. This high intestinal con- 
centration would appear to be responsible for certain toxic 
manifestations of the drug. There is no evidence for its 
specific accumulation in other tissues or in tumors. Uri- 
nary excretion occurs rapidly only during the brief period 
when the blood concentration is high. About 50 per cent 
of the injected dose has been recovered from whole mice 
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16 hours after injection. There is no evidence to sup- 
port the belief that the delayed action of colchicine is due 
to its conversion to a more toxic compound; its cumula- 
tive action is probably dependent upon its prolonged re- 
tention in the body. 

The Relation 0/ a Somatic Factor to Virulence of Pneu- 
mococci. By Colin MacLeod and (by invitation) 
Maclyn McCarty, New York, N. Y. 

The propertj' of virulence of pneumococci has been 
generally assumed to depend almost solely upon the in- 
tegrity of the capsule. That a somatic factor may also 
exert a pronounced effect on virulence is suggested by 
the occurrence of strains of encapsulated pneumococci 
which are cntirclj' avirulcnt although culturally and ira- 
munologically identical with virulent strains of the same 
tj-pe. 

In order to demonstrate more conclusively the relation 
of a somatic factor to virulence, the technique of type 
transformation has been used, whereby pneumococci of 
one type may be converted to another specific type by 
way of the rough intermediate. 

Two strains of pneumococcus Type III, one virulent for 
the rabbit, the other avirulent, were transformed to pneu- 
mococcus Type II. The virulence of the newly-derived 
strains of Type II corresponded to that of the original 
Type III strains, indicating that the differences in viru- 
lence are related to a somatic factor and not dependent 
upon the capsule. 

In other instances, the somatic factor may be present 
and yet masked because of the nature of the capsule. 
When a rough variant derived from a virulent strain of 
Type II pneumococcus was transformed into Types I, 
III, and XIV, the Types I and III were fully virulent 
and the Type XIV strain was avirulent 

The Effect of Sulfonamides on Virulence of Pneumococci. 
By Frank L. Horsfall, Jr., New York, N. Y. 

A quantitative study was made of the survival, growth, 
and virulence of pneumococci in solid media containing 
sodium sulfathiazole. The number of pneumococci and 
the concentration of sulfathiazole per unit volume of 
medium were varied independently. Only a very small 
but constant proportion of the total number of pneu- 
mococci were capable of growing in the presence of 
sulfathiazole and this proportion was inversely related to 
the concentration of drug. Secondary cultures derived 
from individual colonies grown once in sulfathiazole 
contained much higher proportions of cells capable of 
growing in the presence of the drug and these propor- 
tions were directly related to the concentrations in which 
the first growths had occurred. This increased capacity 
remained constant through munerous subcultures in drug 
free media. 

The virulence of the organisms thus derived was de- 
creased, often very markedly, although in all instances 
the pneumomocci remained fully encapsulated and tj’pe 
spedfic. The degree of reduction in virulence was not 
definitely correlated with the concentration of sulfathi- 


azolc in which growth occurred. The reduced virulence 
did not change through numerous subcultures in the ab- 
sence of the drug. 

These results suggest that there are marked differences 
in the metabolic potentialities of individual cells of pneu- 
mococci. They indicate also that the cellular factor asso- 
ciated with the property of virulence, in contrast to the 
capsular factor, is susceptible of striking alteration as a 
result of a single exposure to the action of sulfathiazole. 

The Rclaticve Antimalarial Effects of Atabrine, Certain 
Acridine and Quinoline Derivatives, Quinine and Sulfon- 
amides on Experimental Infections with P-Lophurae- 
Ducks. By O. W. Barlow (introduced by Theodore 
G. Klumpp), with the technical assistance of E, Hom- 
burger, Rensselaer, N. Y. 

Following the intravenous inoculation of young Peking 
ducks with infected blood (P. Lophurae Strain 12A), 
groups of birds were medicated with one of a series of 
preparations by incorporation of the medicament in the 
dry poultry mash (Bieter, et al., 1939). Studies of the 
effects of various drug percentages in the diets per- 
mitted the quantitative evaluation of acridine, quinoline 
and sulfonamide derivatives with standard controls, i.e., 
atabrine, plasmochin, or sulfanilamide and quinine. 

The comparative order of efficiency of the various 
compounds tested from high to low is as follows: plas- 
mochin > atabrine P2 > P.3 > quinine^, acranil > neoac- 
ranil. Certain of these compotmds on the basis of their 
margins of safety and therapeutic effects appear promis- 
ing and merit further careful study. 

Sulfamethylthiazole, sulfathiazole, or sulfadiazine are 
therapeutically active under the conditions of test. Their 
value appears to be in the order named, although inferior 
to the poorest of the above acridine derivatives. Thera- 
peutic effects of combir^ations of these compounds with 
atabrine were not significantly superior to atabrine alone. 
No clear-cut therapeutic effects were demonstrable with 
sulfapyridine, sulfanilamide, sulfaphenylthiazole, or other 
derivatives. 

Variations in Citric Acid Excretion During the Menstrual 
Cycle. By Ephraim Shore and (by invitation) Alice 
R. Beenheim and H. Taussky, New York, N. Y, 
Citric acid has long been recognized as a normal meta- 
bolic intermediary, but its significance remains obscure. 
From work on minced tissue, Krebs has assigned it an 
important role in the oxidative metabolism of carbo- 
hydrates. Small amounts are present in blood (2 to 3 
mgm. per 100 cc.) and 400 to 1200 mgm. are excreted 
daily in urine. Alkalies increase its urinary excretion; 
buk except for trivial amounts, ingested citric acid is 
oxidized. 

The present studies have brought out a relation be- 
tween urinary citric add excretion and the menstrual 
cycle in women. Vaginal smear studies were correlated 
with the chemical observations. Urinary citric acid is 
lowest during _ menstruation, increases significantly 
throughout the mtermenstrual phase, and again falls to 
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menstrual levels usually just before the onset of bleeding. 
In some cycles, a sharp transitory midmenstrual fail in 
excretion has been observed at about the twelfth day. 
Citric acid excretion is also significantly increased in 
amenorrheic girls by administration of estrogenic hor- 
mone. Apparently estrogenic hormone is at least one 
factor related to increased citric acid excretion of the 
intermenstrual period. The mechanism underlying the 
cyclic variation in citric acid excretion durihg the men- 
strual cycle is now under investigation. 

The Subcutaneous Admimstration of Suljathiacole So- 
dium in Various Clinical Conditions. By J. J. A. Lyons, 
D. R. Climenko (by invitation) and L. W. Gorham, 
Albany, N. Y. 

The clinical efficacy of sulfathiazole in the treatment 
of certain infectious diseases is well established. One of 
the principal difficulties in the clinical use of drugs of 
this type is the necessity of maintaining therapeutically 
effective concentrations in the body over relatively long 
time intervals. Occasions arise when the oral adminis- 
tration of the drug constitutes a serious practical diffi- 
culty in the management of the patient, or becomes an 
actual impossibility. Under such circumstances, the usual 
practice is to administer the drug in tlie form of its so- 
dium salt by intravenous injection. A practical difficulty 
is associated with the intravenous administration of the 
drug: under these circumstances, a peak concentration 
is reached in the blood, soon after administration is com- 
pleted, which rapidly falls off as the drug is excreted. 
Excessive concentrations are rapidly followed by thera- 
peutically ineffective concentrations. Therapeutic ef- 
fectiveness attainable under this form of administration 
is far from optimal. This method of administration is 
admirable for rapidly attaining a distribution of the drug 
in the body, but it cannot be depended upon as a sole 
route of administration in the treatment of an acute 
infection. 

Finland and his coworkers using the water-soluble 
glucoside of sulfapyridine, showed that this addition com- 
pound might be administered intravenously or subcutane- 
ously. Unfortunately, they also pointed out that the glu- 
cose derivative was relatively inert from a therapeutic 
standpoint. Flippin advocated the intramuscular admin- 
istration of concentrated (33 per cent) solutions of so- 
dium sulfapyridine. 

It has been repeatedly pointed out (Powell and Chen, 
and Marshall) that the alkaline solutions of the sodium 
salts of drugs like sulfapyridine are extremely irritant 
and that the subcutaneous administration of such solutions 
could cause severe local reactions with tissue destruction. 
We have found this to be true when concentrations of 
the order of 10 per cent or higher are administered sub- 
cutaneously or intracutaneously to experimental animals. 
We have also found that such experimental animals tol- 
erate the subcutaneous administration of 1 per cent 
aqueous solutions of the anhydrous sodium salt of sulfa- 
thiazole without showing any sign of tissue reaction, and 


that only a transient hyperemia results from 'the subcu- 
taneous administration of 2 per cent solutions. 

Our clinical evidence, which agrees with the observa- 
tion of Taplin and his coworkers, bears out these experi- 
mental findings. Up to the present time more than 300 
cases on the Medical, Gynecological, and Surgical Services 
of the Albany Hospital have received up to 2000 cc. of 
an 0.5 per cent aqueous solution of sodium sulWhiazole 
per day, administered subcutaneously by hypodermoclysis, 
without showing any untoward local reactions. This 
group was made up of a large variety of clinical cases 
which should have received sulfathiazole therapy, but in 
whom oral administration was contraindicated. It in- 
cluded such cases as abdominal and pelvic peritonitis, 
severe traumatic infections, late stages of lobar pneu- 
monia, postoperative infections after section of the ali- 
mentary canal, acute infectious diseases in infants, etc. 
Both sexes and all age groups from infants through to 
advanced senility were represented in the series.- 
Blood concentrations of the drug during this type of 
medication were somewhat lower than would be expected 
if the same quantity of the drug had been administered 
orally. This is probably due to the fact that large quan- 
tities of fluid are administered and the resultant diuresis 
tends to speed up the passage of the drug through the 
body. This observation is substantiated by the small 
proportion of acetylated drug which is present in the tis- 
sues under these circumstances. Following oral adminis- 
tration, from 10 to 20 per cent of the drug in the body 
is conjugated, while less than 5 per cent of the total 
amount is conjugated after subcutaneous administration. 

The Interrelation of the Venous Pressure, Tissue Pres- 
sure, and Blood Flow Through the Veins. By Henry 
W. Ryder, William E. Molle (by invitation), and 
Eugene B. Ferris, Jr., Cincinnati, O. 

Factors which influence venous pressure have been 
studied in intact and isolated veins and in models. When 
the vein under study is collapsed either by elevating it 
with respect to the heart level or by increasing the tissue 
pressure about it, the pressure in it is independent of the 
central venous pressure (pressure at any point nearer the 
heart) and exactly reflects the tissue pressure. When 
the vein is in such a collapsed state, the tissue pressure 
about it also becomes a function of the volume flow of 
blood through the vein. It is shown that the essential 
factor which causes this interrelation of venous pressure, 
tissue pressure, and blood flow in collapsed veins is the 
property of the vein of freely transmitting pressure across 
its wall over a wide range of volume change. 

These studies demonstrate that when the tissue pressure 
is high enough to collapse the vein at any point between 
the heart and the point of measurement, the peripheral 
venous pressure becomes a function of this tissue pressure 
and is independent of right auricular pressure. Contrari- 
wise, when the vein is distended throughout its course, the 
peripheral venous pressure is then a function of right 
auricular pressure and is independent of the tissue pres- 
sure. Thus, the collapse factor in veins is of great sig- 
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nificancc in tlic intcrprclation of peripheral venous 
pressure. 

Circulatory Changes Resulting from Trauma After 
Sympathectomy and After Spinal Cord Transection. 
Norman E. Freeman and (by invitation) M. L. Cul- 
len and A. E. Sciiecter, Philadelphia, Pa. 

Trauma to the limbs of dogs anesthetized with ether 
resulted in a reduction of blood volume greater than 
could be accounted for by the measured local fluid loss. 
Reduced circulation tvas consistently observed and pre- 
ceded tlic development of shock. After total sympathec- 
tomy, even though the circulation was well sustained, a 
comparable reduction in blood volume occurred. In dogs, 
after r^overy from spinal cord transection, trauma pro- 
duced a loss of blood volume, although the circulation 
was well maintained as indicated by an adequate periph- 
eral circulation, cardiac output, and normal oxygen satu- 
ration of venous blood obtained from the right hearL 
It is concluded that reduced circulation after trauma is 
of diagnostic and prognostic significance but that the 
process of shock, as indicated by a loss of blood volume, 
may be initiated in spite of a well-maintained circulation. 

Neuropathic Joint Lesions fn Diabetes Mcllitus. By C. 
Cabell BAtLEV and Howard F. Root, Boston, Mass. 
Painless destruction of the joints of the tarsus has been 
observed in fourteen diabetic patients at the New Eng- 
land Deaconess Hospital during the last few years. The 
lesion has been observed to progress and to result in a 
peculiar type of deformity of the tarsus, regardless of 
treatment Careful study has eliminated syphilis and the 
Charcot joint, and syringomyelia. The condition has oc- 
curred in patients with diabetes of long duration, with 
inadequate diabetic control, at ages vao’ing from 30 years 


to 60 years. Certain of the patients have had associated 
diabetic neuritis. One patient has come to autopsy and a 
complete examination of the joints of the foot and of the 
central nervous system is reported. The condition is not 
dependent, apparently, upon deficient blood supply. As a 
result of the diminished sensation, infections of the toes 
and skin later occur and sometimes become chronic. 
The etiology is not yet determined but seems to be of 
neuropathic type. 

Further Observations on the Esophageal Electrocardio- 
gram. By Jan Nyeoer (introduced by Herman O. 

Mosenthal), New York^ N. Y. 

The esophageal electrocardiogram has frequently been 
employed in the study of arrhythmias, while Hamilton 
and Nyboer first emphasized its importance in the study 
of posterior myocardial infarction. These studies have 
been extended to include cases in which the standard 
leads show atypical QT patterns and in cases suspected 
of having multiple myocardial infarction. The observa- 
tions clearly show that lesions of the anterior and pos- 
terior myocardial wall, respectively, may be demonstrated 
by multiple exploratory leads in the anterior and posterior 
ventricular regions. 

In order to enlarge on the concept of the electrical field, 
typical cases of left ventricular hypertrophy, right ven- 
tricular hypertrophy, right bundle branch block, left 
bundle branch block, and digitalis effects have been ob- 
tained. Cases of bundle branch block, associated with 
or resulting from myocardial infarction, reveal patterns 
which are worthy of this' esophageal, electrocardiographic 
study. On the basis of our limited experience, it appears 
that knowledge of the electrical field of the posterior 
heart region becomes definitely helpful in evaluating the 
normal and abnormal standard lead electrocardiogram. 
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The decor, the verj' furnishings of a room, have 
turned out to be decisive in the results of exami- 
nations of certain kinds of physiological behavior. 
Circulator}* reactions which did not occur or oc- 
curred to a less or slight degree in a room equipped 
like a laborator}*, were more extensive and more 
nearly uniform in a room furnished like an or- 
dinal}* bedroom. The results of investigations 
intended to describe "basal” conditions, whether 
ps}’chological or physiological in a more general 
sense, may all be subject to changes away from 
familiar environments. The fact that the en\*iron- 
ment in which such studies are undertaken influ- 
ences the result is well known and has no doubt 
received attention both from physiologists, as 
from Pavlov in the case of animals, and from 
psychologists, both practical in the case of decora- 
tors, and academic in the schools. Although 
known, there is scarcely a reference to the bearing 
of this factor upon the results of such investiga- 
tions as are now being reported. 

These studies were concerned with quantitative 
measurements of spontaneous variations in the 
volumes of fingers and toes and of the time of 
reaction (constriction) of small blood vessels 
following the application of sensory stimuli at 
distant parts of the body (1, 2). 

The apparatus consisted of a camera by means 
of which the movements of a sensitive mem- 
brane, activated by the pulsations of a finger tip, 
could be recorded. The only part of the ap- 
paratus in contact with the patient was a light- 
weight chamber which fitted loosely over the ter- 
minal portion of the tip of a finger or toe. Ap- 
plication of a resinous material was relied upon 
to seal the chamber in place. The tips of fingers 
and toes of all patients underwent rhythmic varia- 
tions in volume, which were recorded as a series 

^ This is the 7th paper reporting the results of studies 
of the small blood vessels and related subjects. 

* Commonwealth Fund Fellow. 


of waves whose upward deflections signified in- 
crease in volume of the part, and downward de- 
flections, a decrease. For the most part, such 
variations in volume occurred without any ob- 
vious cause. It was soon learned, however, that 
downward deflections could be occasioned by sub- 
jecting the patient to a sensory or ideational 
stimulus. The present report is an attempt to 
ascertain some of the conditions which allow such 
decreases in volume to take place, and is presented 
separately from a more detailed description of the 
purely mechanical aspects of obtaining the data in 
view of the unexpected new information which 
was uncovered, not by improvement in technique, 
but rather by closer control of the environmental 
zispects of the experiment. 

Our experiments were first carried out in a 
medium-sized air-conditioned laboratory, furnished 
with a typical hospital bed, two or three small 
chairs, and a mass of unfamiliar equipment such 
as a large laboratory sink and a table on which 
were kept unused pieces of apparatus. The re- 
cording capsule, camera, and timers were screened 
from the patient by forbidding* black, reasonably 
light-tight curtains, through which he could hear 
distinctly noises and clicks incident to the use of 
the apparatus. He was always aware of the pres- 
ence of the observers, even though he could not 
see them. The apparatus for the application of 
stimuli (heat, cold, pin-prick, touch) was hidden 
also by a curtain. The observer was separated 
from the subject by still another curtain. At no 
time could he predict the moment of application 
of a stimulus. Person after person commented 
upon the fact that he felt himself under a state of 
considerable "tension” and apprehension. The 
darkened “laboratory”, the t}*pe of room, the 
knowledge that persons were working imme- 
diately behind screens near his bed, and the antici- 
pation of something unexpected contributed to 
the state of his feeling. Some patients disarmed 
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even under these circumstances but that was the 
exception. 

■Obviously, the most desirable time to carry out 
observations like these is when individuals regard 
themselves as being, and are, in a state of re- 
laxation. Care has not usually been taken in such 
studies to see to it that these conditions are ac- 
tually attained. Accordingly, certain changes were 
made in our examining room in the hope of put- 
ting subjects at greater ease. The laboratory was 
divided. One part remained laboratory ; the other 
part became bedroom. A one-way mirror per- 
mitted the observation of patients from the lab- 
oratory. The bed and walls, were draped with 
material of a pleasing design. The room was 
furnished with a small bed-table, a Morris chair, 
rugs, lamps, magazines, coat rack, and pictures. 
A subject entered, not a frightening laboratory 
equipped with strange machines, but was con- 
ducted into a comfortable room, not too dissimilar 
from his own. He came into contact not with a 
staff of observers but with one physician only 
who put plethysmographic cups in place and ex- 
plained that they led to the rest of the apparatus 
located in a distant part of the building. The 
records were in fact made in the adjoining lab- 
oratory by an observer who could see and hear 
what was going on. Communication between the 
observers though separated only by a wall was 
carried on by telephone to create the illusion of 
distance. The stimuli were not applied until the 
patient had been left alone and was resting 
quietly. As stimulus, use was made of a tele- 
phone-like bell rather than of an unfamiliar noise, 


and for light, a bright diffuse , light. Both stimuli 
were set in operation from the adjoining room. 
When it came time to stimulate with heat, cold, 
or pin-pricks, the first observer reentered the bed- 
room and raised a small white curtain between the 
subject and himself. It would have been better 
to apply all stimuli mechanically but this method 
was adopted to avoid the need of affixing appli- 
ances to the subject’s body. 

In the original “laboratory”, it was noticed that 
most of the normal subjects “relaxed” and rested 
comfortably while the patients with hypertension 
did not. It was found also in 15 normal subjects 
that 160 stimulations were followed by 117 (73 
per cent) instances of vasoconstriction, while in 
13 patients with essential hypertension, vasocon- 
striction was less frequent (102 of 224 stimuli or 
42 per cent). In the 10 senile subjects, this reac- 
tion occurred in 46 of 107 stimulations (43 per 
cent) (Table I). The normal subjects were 
either technicians or were otherwise familiar with 
laboratories. This was not the case with the pa- 
tients with hypertension and the senile subjects. 
It was noticed that if recordings were obtained 
without the subject’s knowledge, he became more 
“relaxed” as evidenced by the increase in size of 
the pulse and alpha waves (1, 2), and developed 
vasoconstriction more readily following stimula- 
tion. In any event, everyone subjected to the 
tests frequently commented unfavorably upon the 
apparatus, curtains, darkness of the laboratory, 
small beams of light, and the presence and move- 
ments of the observers. Of them all, hyperten- 
sive patients were most offended. 


TABLE I 

The effects of environmental conditions upon the incidence of vasoconstriction in the blood vessels of the finger tips of normal and 
senile subjects and patients with hypertension following the application of sensory stimuli to another part of the body 


Subjects 

Number 

Type of room 

1 

Number of responses of blood vessels 
to application of a sensory stimulus 

Total stimuli 

Per cent of stimuli 
followed by 
vasoconstriction 

Vasoconstriction 

No response 


Normal 

IS 

1 

Laboratory 

117 

43 

160 

73 ■ 

j 

Bedroom 

44 

19 1 

1 

63 

70 

Hypertensive 

13 

Laboratory 

102 

1 

142 

244 

42 

Bedroom 

22 

12 

34 

65 


10 

Laboratory 

46 

61 

107 

43 

Senile 

Bedroom 

32 

20 

52 

62 
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Fig. 1. Plethysmogr-sphic Records of the Tips of the Fingers and Toes of a Patient 

WITH Hypertension 

Senoo' stimuli were applied at tlie arrows. The pulse and alpha waves are on the same scale. 

A. A representative record is shown taken during one of 11 separate observations on the subject in the “lab- 
oratorj'" type of environment. The blood vessels of the finger and toe tips are spastic as indicated by the small 
size of the pulse and alpha waves before the application of the stimulus. 

B. A representative record is e.xhibited taken during the first obsen-ation in the bedroom. The vessels are 
much less constricted than in Figure lA. The vasoconstriction began at the points marked by X, about 3.3 
seconds after the- application of the stimulus. 


After the laborator}' was changed and the new 
room put into use, the frequency of vasocon- 
striction following stimulation increased markedly 
in the patients with hypertension and the senile 
subjects, equalling the incidence in normal per- 
sons. In the senile subjects, vasoconstriction oc- 
curred in 32 of 52 (62 per cent) trials; in the 
patients with hypertension, in 22 of 54 (65 per 
cent) ; and in 44 of 63 (70 per cent) in normal 
individuals, that is to say, 73, 42, and 43 per cent 
as against 70, 65 and 62. Everj'bod}' avowed vol- 
untaril}' that he found the ne\v environment to be 
comfortable, conducive to relaxation and that he 
was much less apprehensive shortly after having 
been left alone. 

The behavior of 2 patients with hypertension 
deserves separate comment. In the “laboratory^,” 
the}' remained “tense” and very' apprehensive on 
10 and 11 separate obserr-ations, respectively, 
spread over a period of 3 months. It was with 
great difficulty that a few reactions were obtained. 
But on the first trials in the new environmental 
conditions, they “relaxed” ; practically every' stim- 
ulus was followed by' vasoconstriction (Figure 1). 


COMMENT 

The fact that relaxation occurred derives its 
confirmation from two circumstances. First, from 
the statements of subjects, practically' all of whom 
asserted they felt more comfortable and under less 
tension in the bedroom than in the laboratory' 
where they' could not but feel acutely' that they' 
were being experimented upon. And second, 
from the appearance of the subjects and from the 
plethy'smographic records themselves. In general, 
when the pulse waves were small, a stimulus 
would not bring about much, if any', vasoconstric- 
tion ; but when large, except in a few senile sub- 
jects, the likelihood of vasoconstriction was greatly- 
increased. It was very’ common for hypertensive 
subjects, in particular, to exhibit small pulse waves 
in the “laboratory” and large ones when the room 
was made pleasant. At times, patients would 
volunteer the information that they felt rela.xed 
in the “laboratory”. Without exception, examina- 
tion would then reveal that the pulse waves were 
large. 

Vasoconstriction consists of two factor.*;, de- 
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crease in the size of the pulse waves and also in 
that of the alpha waves. It is a special type of 
the latter which documents the major decrease 
when the subject reacts to a sensory stimulus (2). 

Even without the subjective and objective data 
which have been accumulated to support the idea 
that a familiar room is more agreeable than a 
strange one for these particular purposes, subject 
or observer alike would select the new rather than 
the old room, especially if the observer wished to 
avoid as many disturbing factors as possible. 

There is another factor which may decide the 
choice of environment. The avoidance of pain or 
of a painful impression does not necessarity give 
a complete picture. A room arranged as a lab- 
oratory may place a certain desired strain upon 
individuals and by so doing, bring out differences 
which might otherwise have been overlooked. 

Although the hypertensive and senile subjects 
showed a higher percentage of reactions in the 
bedroom than in the laboratoiy, no such diffei'- 
ence was noticed in the normal subjects. But our 
“normal” subjects were, as noted above, acquainted 
with the hospital and were familiar even with the 
particular laboratory used. The changes in the 
room could hardly have made much difference to 
them. However, the frequency of reactions was 
raised in the hypertensive and senile subjects ap- 
proximately to the level of the normal group by 
just a few simple changes in the environment. 
Had the old room continued to be in use, the 
conclusion would have been drawn that there was 
a difference in the three groups of subjects, but in 


the new room, the conclusion is obvious that the 
same reaction is possible and took place in all 
groups. 

SUMMARY 

Objective evidence supports the belief that the 
conditions under which physiological studies are 
carried out must be suitably arranged, not only to 
assure uniform temperature, humidity, and state 
of digestion, but also less tangible factors such as 
the patient’s mental comfort and the degree of his 
relaxation. This was demonstrated by converting 
a “laboratory” into a conventional bedroom and 
by observing how the frequency of reaction on 
the part of peripheral blood vessels increased 
when sensoiy stimuli were applied at distant parts 
of the body. This observation was made not only 
in the case of groups of hypertensive and senile 
subjects but also in individual subjects studied 
under both types of environment. Conversed, 'R 
tense individuals, to be unable to relax in the at- 
mosphere of a “laboratory” is evidence of the 
possible presence of an abnormal process. 
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That small blood vessels may react by constric- 
tion is well recognized. It is probable, in addition 
to smooth muscle, that there are other contractile 
elements. The sympathetic nervous system is 
generally regarded as playing a prominent role in 
their function. In certain states of disease and 
stress, the effect of this control is manifest in 
blanching, cyanosis, and coldness, or the reverse 
of these. Previous studies (1 to 3) have shown 
that small blood vessels undergo a continuous 
series of changes in size even in the resting sub- 
ject. It is the object of this paper to describe the 
effect of applying sudden stimuli which disturb 
this resting state. 

Although it would be possible, using figures for 
the chronaxie of the blood vessels in isolated 
strips of animal tissue (4 to 6), to estimate that 
of human blood vessels, this information, however 
valuable, is not necessarily applicable to the situa- 
tion in intact human subjects. It became desir- 
able, therefore, to adapt an older method, capable 
of yielding information which could be used to 
characterize the responses in man. Fano (quoted 
by Luciani (7)), many years ago, described the 
details of a method which made possible the meas- 
urement of changes in size of anatomical parts 
when various stimuli were applied at remote 
points. But Fano’s apparatus was not sensitive 
to small changes. His results were disturbed, 
furthermore, by the inclusion of large arteries and 
veins in his plethysmographic chambers. In the 
present studies, the small blood vessels are of 
prime interest, making it desirable to choose the 
tips of fingers and toes. But even these parts 
contain arterioles, venules, capillaries, and arterio- 
venous communications, so that any result must 
be interpreted as representing the combined effect 

* This is the 9th paper reporting the results of studies 
of the small blood vessels and related subjects. 
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of the activity of many, structures. In addition, it 
must be remembered that the pathway from the 
point of reception of a stimulus to the blood ves- 
sels involves many interconnecting structures, in- 
cluding the receptors, sensory nerves, synapses, the 
pathways within the central and autonomic nerv- 
ous system, and neuromuscular junctions. Meas- 
urements in intact subjects give information con- 
cerning the time taken by the blood vessels to 
react only when the time required to traverse these 
complex pathways is taken into account. In point 
of fact, it is only in the post-ganglionic fibers of 
the sympathetic system that an interval of im- 
portance relative to the time of reaction of blood 
vessels is to be expected. 

It is unknown what role the reactivity of small 
blood vessels to sensory stimulation plays in ar- 
terial hypertension. The cold pressor test (8) was 
developed to distinguish between individuals whose 
blood vessels are unusually reactive and who are 
potentially hypertensive and those whose blood 
vessels react in a normal fashion. An effort has 
now been made to characterize further the blood 
vessels of hypertensive individuals by obtaining 
data, not only on the degree of reaction, but also 
covering the time of reaction. For contrast, a 
group of senile subjects has been studied. 

METHOD 

The apparatus employed in these observations was es- 
sentially that previously described (3). It was modified 
for special purposes, as will be described later. It records 
simultaneously the changes in volume of the tips of the 
right index finger and the right second toe with a sensi- 
tive pneumoplethysmograph (9). The subjects rested in 
bed in an air-conditioned room (temperature 75° F. ± 1°; 
relative humidity less than SO per cent) at least 30 minutes 
before recording was started. In an early period of this 
study, the subjects rested in a room containing the ap- 
paratus as well as other laboratorj' equipment. Later, 
because of psychic disturbances produced by this un- 
familiar environment, the examining room was redec- 
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Stimulus Beginning of constriction 
applied of finger tip and pulse vrave 



Seconds 

Fig. 1. A Schematic Drawing Showing the Average Type of Reaction in the Finger 

Tips of Ale Subjects 

The units of time and volume and the rate of vasoconstriction are the mean values obtained. 


orated to resemble a bedroom (10). Its walls were made 
sound proof. After plethysmographic cups were sealed in 
place, the tips of the fingers and toes were adjusted to 
the level of the subject’s heart. The physician then de- 
parted. Evidence that subjects were “relaxed” appeared 
in the increase in volume of the pulse and alpha waves (3). 

Once a subject reached a state of maximum relaxation, 
stimuli were applied and the reactions of the blood ves- 
sels, evidenced by changes in volume, were recorded. 
When stimuli were applied in order to measure the re- 
action time, the speed of the photographic paper was 
about 4 to 6 cm. per second. Between stimuli, the paper 
ran at a rate of 8 cm. per minute. The time of applica- 
tion of each form of stimulus was registered on the 
photographic record by a light beam, activated by a 
magnet. In each case, the act of applying the stimulus 
closed a circuit of which the magnet was a part. 

The stimuli employed were light, sound, heat, cold, pin- 
prick, and electric shock. Light, as a stimulus, was sup- 
plied for one second by a SOO-watt photoflood lamp. 
Sound was made by ringing a telephone bell, 0.4 second, 
3 feet from the subject. A sudden loud sound was pro- 
duced by firing a cap-pistol about 3 feet away. Heat 
and cold were applied by touching the subject’s arm on 
the external surface just above the left elbow with a 
metal plate (11 sq. cm. in area) at 50° C. and 3° C. re- 
spectively. Pain was produced by a pin-prick of uniform 
force on the external surface of the arm, just above the 
left elbow. Electric stimulation was supplied by dis- 
charging a condenser (4.5 microfarads) at the same 
point. Contact between the electrodes and the subject’s 
skin was made with a sodium chloride jelly, the re- 
sistance being adjusted to about 5000 ohms. 

Subjects were not warned that they were to be tested 
for their reaction to certain stimuli. In the case of light 
and the bell, they were left alone. In the use of other 
stimuli, to avoid complicated apparatus, it was necessary 
that an observer enter the room. He erected a curtain 
between the subject and himself. The subjects did not 
know the order in which stimuli would be selected nor 
the time of their application. 

Subjects were regarded as being relaxed when, after 
a reasonable period, their pulse and alpha waves had 
attained maximum proportions. Response to stimuli was 
documented by decrease in size of these waves. Re- 


covery was known to have taken place on return of the 
waves to their original volumes. 

The reaction time to a stimulus was the time taken for 
a change in volume to begin (Figure 1). To study 
changes in volume, only the finger tips were measured. 
The measurements made were: (I) the initial volume of 
the pulse wave, (2) the volume of the pulse wave at its 
minimum, (J) the maximum change in “alpha” waves,® 
(4) the time required for the “alpha” wave to reach a 
minimum, (5) the time required for the “alpha” wave to 
return to the original volume, and (d) the phase of the 
“alpha” wave when the stimulus was applied. 

The reaction was identified as beginning at the inter- 
section of a line joining the foot points of the last few 
pulse waves before the onset of vasoconstriction (de- 
crease in size of the waves), with another joining those 
just afterward. The study of a pulsating model sug- 
gested that this point was located with an error no 
greater than 0.05 second. 

The subjects chosen for investigation included 17 nor- 
mal individuals (12 males and 5 females), varying in 
age from 11 to 43 years, 12 hypertensive patients (6 
males and 6 females), varying in age from 14 to 54 
years, and 11 male senile subjects, varying in age from 
70 to 85 years. All of the subjects were free from renal 
or cardiac failure. Each subject was studied at least 
twice and some as often as 12 times. 

RESULTS 

The mean time of reaction of the finger tips of 
the normal subjects in 178 responses was 3.12 ± 
0.02 seconds, with a standard deviation of 0.33 ± 
0.01 second and a coefficient of variation of 
10.6 ±; 0.04 per cent, and that of the toes in only 
63 responses of many trials, 3.42 ± 0.04 seconds 
with a standard deviation of 0.49 it 0.03 second 
and a coefficient of variation of 14.4 ±: 0.9 per 
cent. The means of the two (fingers and toes) 
were significantly different (3.12 as against 3.42 
seconds). Although the toe usually reacted after 

® The reason for the use of quotation marks about the 
alpha will be explained later. 
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the finger, in rare instances the order was re- 
versed. The mean reaction times for each stimu- 
lus in the finger tip were : bell, 3.33 seconds ; light, 
3.26; sound, 3.07; cold, 3.07; heat, 3.04; pin- 
prick, 2.95; and shock 2.86 (Table I). 

The mean time of reaction of the vessels of the 
tips of the right index finger of patients with hy- 
pertension, in 159 responses, was 2.94 ±: 0.03 sec- 
onds, until a standard deviation of 0.50 ± 0.02 
second and a coefficient of variation of 17.0 ±. 0.7 
per cent; and of the tips of the right second toe, 
in 56 responses, the mean reaction time was 
3.24 ± 0.04 seconds, with a standard deviation of 
0.50 ± 0.03 second and a coefficient of variation 
of 15.4 ±: 1.1 per cent (Table 11). The means of 
the reaction times of the fingers and toes differed 
by 0.30 second. This was found to be statistically 
significant. The mean reaction times for each 
stimulus in the finger tips were : light, 3.39 ; sound, 
3.00; bell, 2.92; heat, 2.91; cold, 2.89; and pin- 
prick, 2.81 seconds. These mean values cannot 
be considered significantly different because of the 
limited number of reactions to each stimulus. In 


the toe tips, the mean reaction times for each kind 
of stimulus showed similar variations. 

The mean reaction time in the tips of the right 
index finger of the se7iile subjects, in 80 responses, 
was 3.86 ± 0.04 seconds, with a standard devi- 
ation of 0.58 ± 0.03 second and a coefficient of 
variation of 14,9 ± 0.8 per cent ; and in the tips of 
the right second toe, in 28 responses, it was 
4.25 ± 0.07 seconds, with a standard deviation of 
0.54 dz 0.03 second and a coefficient of variation 
of 12.7 d: 1.2 per cent (Table III). The mean 
reaction time in the toes was 0.39 second longer 
than that of the fingers, a difference which is sta- 
tistically significant. The mean reaction times for 
each kind of stimulus in the finger %vere: heat, 
4.16; light, 4.14; pistol shot, 4.06; pin-prick, 3.92; 
cold, 3.92 ; and bell, 3.58 seconds. The number of 
reaction times for each kind of stimulus was so 
small as to make it impossible to be certain that 
any of these differences was significant. The var- 
iations of the mean values for each kind of stimu- 
lus in the toes were of the same order (Table III). 

The total number of satisfactory responses ob- 


TABLE I 

Mean values of various phases of the vascular response in the tips of the right index finger and right second toe 

in 17 normal resting subjects 


Stimulus 

Finger tips 

Toe tips 

Number 
of reac- 
tions to 

1 stimulus 

i 

Volume 
of pulse 
' wave 
before 

1 stimula- 
tion 

Volume 
, of pulse 
wave 

1 when 
finger 
reached 
Tninimum 
volume 

Decrease 
in volume 
of pulse 
wave 

Maxi- 
mum 
decrease 
in volume 
of part 

Time 
required 
for part 
to reach 
minimum 

! 

Time 
required 
for part 
to regain 
volume 

Time 
required 
for part 
to reach 
minimum 
and return ' 
to original 
volume 

Keaction 

time 

1 

Time for 
recovery ' 
of the 
pulse 
wave 

Number 
of reac- 
tions to 
stimulus 

Mean 

reaction 

time 



c, mm. 

c, mm. 


c. mm. 






mam 




per 5 cc. 

per 6 cc. 

per uni 

per 6 cc. 

seconds 

seconds 

seconds 

seconds 

seconds 


seconds 



of pari 

cf part 


of part 








Light 

24 

7.7 

5.4 

30 

31.5 

10.6 

28.2 

38.1 

3.26 

34.0 


3.42 

Pin-prick . . , 

31 

8.5 

5.2 

39 

35.1 

8.7 

27.2 

35.8 

2.95 

25.3 


3.18 

Pistol shot. . 

28 

8.3 

4.8 

42 


10.2 

24.5 

36.8 

3.07 

34.9 


3.76 

Cold 

33 

7.6 

KEh 

33 

29.8 

9.2 

18.0 

26.1 

3.07 

22.8 

10 

3.56 

Heat 

24 

9.2 


39 

35.1 

10.2 

18.4 

28.0 

3.04 

28.2 

s 

2.86 

Bell 

29 

9.0 1 

KM 

31 

29.8 

11.1 

22.7 

27.5 

3.33 

24.0 



Shock 

10 

7 S 




12S 

7 

434 

2 go 

345 


349 

Mean 

8.3 

5.3 

36 

32.1 

10.0 

23.3 

32.4 

3.10 

28.1 

■ 

3.38 


Statistical studies of the data: 


Finger tips: 

Reaction time: Mean = 3.12 ± 0.02 seconds 
Standard deviation = 0.33 ± 0.01 second 
Coefficient of variation = 10.6 ± 0.4 per cent 

Toe tips: 

Reaction time: Mean = 3.43 i 0.04 seconds 
Standard deviation = 0.49 i 0.03 second 
Coefiadent of variation = 14.4 ± 0.87 per cent 
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Stimulus 

applied 


Beginning of constriction 
of finger tip pulse vave 



Fig. 1. A Schematic Drawing Showing the Average Type of Reaction in the Finger 

Tips of All Subjects 

The units of time and volume and the rate of vasoconstriction are the mean values obtained. 


orated to resemble a bedroom (10). Its walls were made 
sound proof. After plethysmographic cups were sealed in 
place, the tips of the fingers and toes were adjusted to 
the level of the subject’s heart. The physician then de- 
parted. Evidence that subjects were “relaxed” appeared 
in the increase in volume of the pulse and alpha waves (3). 

Once a subject reached a state of maximum relaxation, 
stimuli were applied and the reactions of the blood ves- 
sels, evidenced by changes in volume, were recorded. 
When stimuli were applied in order to measure the re- 
action time, the speed of the photographic paper was 
about 4 to 6 cm. per second. Between stimuli, the paper 
ran at a rate of 8 cm. per minute. The time of applica- 
tion of each form of stimulus was registered on the 
photographic record by a light beam, activated by a 
magnet. In each case, the act of applying the stimulus 
closed a circuit of which the magnet was a part. 

The stimuli employed were light, sound, heat, cold, pin- 
prick, and electric shock. Light, as a stimulus, was sup- 
plied for one second by a SOO-watt photoflood lamp. 
Sound was made by ringing a telephone bell, 0.4 second, 
3 feet from the subject. A sudden loud sound was pro- 
duced by firing a cap-pistol about 3 feet away. Heat 
and cold were applied by touching the subject’s arm on 
the external surface just above the left elbow with a 
metal plate (11 sq. cm. in area) at 50° C. and 3° C. re- 
spectively. Pain was produced by a pin-prick of uniform 
force on the external surface of the arm, just above the 
left elbow. Electric stimulation was supplied by dis- 
charging a condenser (4.5 microfarads) at the same 
point. Contact between the electrodes and the subject’s 
skin was made with a sodium chloride jelly, the re- 
sistance being adjusted to about 5000 ohms. 

Subjects were not warned that they were to be tested 
for their reaction to certain stimuli. In the case of light 
and the bell, they were left alone. In the use of other 
stimuli, to avoid complicated apparatus, it was necessary 
that an observer enter the room. He erected a curtain 
between the subject and himself. The subjects did not 
know the order in which stimuli would be selected nor 
the time of their application. 

Subjects were regarded as being relaxed when, after 
a reasonable period, their pulse and alpha waves had 
attained ma.ximum proportions. Response to stimuli was 
documented by decrease in size of these waves. Re- 


covery was known to have taken place on return of the 
waves to their original volumes. 

The reaction time to a stimulus was the time taken for 
a change in volume to begin (Figure 1). To study 
changes in volume, only the finger tips were measured. 
The measurements made were: (1) the initial volume of 
the pulse wave, (2) the volume of tlie pulse wave at its 
minimum, (J) the maximum change in “alpha” waves,® 
( 4 ) the time required for the “alpha” wave to reach a 
minimum, (5) the time required for the “alpha” wave to 
return to the original volume, and (d) the phase of the 
“alpha” wave when the stimulus was applied. 

The reaction was identified as beginning at the inter- 
section of a line joining the foot points of the last few 
pulse waves before the onset of vasoconstriction (de- 
crease in size of the waves), with another joining those 
just afterward. The study of a pulsating model sug- 
gested that this point was located with an error no 
greater than 0.05 second. 

The subjects chosen for investigation included 17 nor- 
mal individuals (12 males and 5 females), varying in 
age from 11 to 43 years, 12 hypertensive patients (6 
males and 6 females), varying in age from 14 to 54 
years, and 11 male senile subjects, varying in age from 
70 to 85 years. All of the subjects were free from renal 
or cardiac failure. Each subject was studied at least 
twice and some as often as 12 times. 

RESULTS 

The mean time of reaction of the finger tips of 
the normal subjects in 178 responses was 3.12 ± 
0.02 seconds, with a standard deviation of 0.33 ± 
0.01 second and a coefficient of variation of 
10.6 ± 0.04 per cent, and that of the toes in only 
63 responses of many trials, 3.42 ±: 0.04 seconds 
with a standard deviation of 0.49 ±: 0.03 second 
and a coefficient of variation of 14.4 rt 0.9 por 
cent. The means of the two (fingers and toes) 
were significantly different (3.12 as against 3.42 
seconds). Although the toe usually reacted after 

® The reason for the use of quotation marks about the 
alpha will be explained later. 


A 




658 


G. E. BURCH, A. E. COHN, AND C. NEUMANN 


TABLE II 

Mean values of various phases of the vascular response in the right index finger a 7 id right second toe tips of 12 

resting patients with hypertensio7t 


Stimulus 


Number 
of reac- 
tions to 
stimulus 


Volume 
of pulse 
wave 
before 
stimula- 
tion 


Volume 
of pulse 
wave 
when 
finger 
reached 
minimum 


Light 17 

Pin-prick ... 26 

Pistol shot. . 17 

Cold 34 

Heat 34 

Bell 31 


Mean 


volume 



Finger tips 


Decrease 
in volume 
of pulse 
wave 

Maxi- 
mum 
decrease 
in volume 
of part 

■ 

Time 
required 
for part 
to reach 
minimum 

Time 
required 
for part 
to regain 
volume 

Time 
required 
for part 
to reach 
minimum 
and return 
to original 
volume 

Reaction 

time 

Time for 
recovery 
of the 
pulse 
wave 

per cent 

c, mm» 
per 6 cc. 

seconds 


seconds 

seconds 



of Part 






40 

28.3 

8.9 

14.9 

24.0 

3.39 

28.1 

45 

23.0 

8.6 

16.5 

26.0 

2.81 

22.8 

42 

26.7 

8.4 

22.2 

30.6 

3.00 

21.1 

39 

24.7 

9.5 

18.2 

27.4 

2,89 

26.0 

39 

29.7 

9.1 

19.7 

28.9 

2.91 

29.1 

42 

26.7 

8.3 

17.5 

25.4 

2.78 

23,2 

41 

26.4 

8.85 

18.2 

27.2 

2.92 

25.6 


Toe tips 


Mean 

reaction 

time 



Statistical study of reaction time 

Finger tips; Total number of reaction times = 15P 

Mean = 2.94 ± 0.03 seconds 
Standard deviation = 0.50 ± 0.02 second 
Coefficient of variation = 17.0 ± 0.7 per cent 

Toe tips: Total number of reaction times = 56 

Mean = 3.24 db 0.04 seconds 
Standard deviation = 0.50 ± 0.03 second 
Coefficient of variation = 15.4 =b 1.1 per cent 


TABLE III 

Mean values of various phases of the vascular response in the right hidex fi7iger a7id right seco7id toe 

tips of 11 resting senile subjects 



Number 
of reac- 
tions to 
stimulus 


Volume 
of pulse 
wave 
before 
stimula- 
tion 


Volume 
of pulse 
wave 
when 
finger 
reached 
minimum 
volume 


Decrease 

“.riT 



1 

Time 
required 
for part 
; to reach 
[minimum 

Time 
required 
for part 
to regain 
volume 

seconds 

seconds 

11.2 

23.1 

9.1 

15.0 

11.8 

25.0 

13.0 

20.1 

11.4 

19.2 

12.5 

33.6 

11.9 

22.1 


Time 
required 
for part 
to reach 
minimum 
and return 
to original 
volume 


seconds 

34.4 

24.5 
36.3 

32.2 
33.8 

46.2 

34.7 



Statistical study of the reaction time 

Finger tips: Total number of reaction times = 80 

Mean = 3.86 ± 0.04 seconds 
Standard deviation = 0.58 ± 0.03 second 
Coefficient of variation == 14.9 ± 0.8 per cent 

Toe tips: Total number of reaction times = 28 

Mean = 4.25 ± 0.07 seconds 
Standard deviation = 0.54 db 0.05 second 
Coefficient of variation = 12.7 ± 1.2 per cent 







































REACTIVITY OF BLOOD VESSELS TO SENSORY STIMULI 


659 


tained from the senile and hj’pertensive patients 
■was too small to allow for the compilation of a 
list showing significant difTcrcnccs in the times of 
reaction for the various stimuli. Such an attempt 
would be hazardous even in the normal group 
(1/S responses), not onlj’ because of the relatively 
small number of responses to a single type of 
stimulus, but also because of individual variation 
in tlie sensitivit)' of subjects to stimuli applied di- 
rectly to the skin. 

Although there was much variation in time of 
reaction to successive stimuli, no correlation was 
established between reaction time and other fac- 
tors, such as which limb of the spontaneous alpha 
wave was in process of formation at the time of 
the stimulus, frequency of application, and whether 
the subject was anticipating the application of a 
stimulus. If, as in the case of a few, subjects 
were asked to press a button to release a selected 
stimulus, their vessels became constricted when 
the button was pressed and no responses followed 
the sensory stimulus. Whenever the pulse wave 
was large, the response was constriction, involv- 
ing, almost without exception, decrease in volume, 
both of the pulse wave and of the anatomical part 
(“alpha” wave). On the other hand, if a re- 
action could be detected, the initial size of the 
pulse wave did not seem to influence the reaction 
time. When the pulse was small, no clear re- 
action was evident, although occasionally it showed 
a slight decrease. In a small number of subjects, 
constriction of the anatomical part, as documented 
by a downward deflection in the "alpha” wave, 
was not accompanied by decrease in the size of 
the pulse waves. "Alpha” and pulse waves may 
accordingly respond independently to stimuli. 
Similar independence is observable in spontaneous 
variations (11). 

In the finger tips, stimuli were effective in ap- 
proximately 70 per cent of trials but in the toes, in 
30 per cent only. The reason for this difference 
and that for the failure of so many stimuli is not 
known. 

When reactions of the finger tip occurred at all, 
whether great or small, they did so after a reason- 
ably uniform interval. But the time required to 
return to initial states varied widely (15 seconds 
to more than 3 minutes). This statement is ap- 
plicable to all -varieties of stimulation employed. 
For them all, the average recovery time in the 


normal group was 32 seconds, the range being 26 
seconds for cold and 43 seconds for shock. The 
average volume of the pulse wave immediately 
before the application of any one of the stimuli, 
that is to say the initial volume, was 8.3 c. mm.'* 
On stimulation, the average minimum reached was 

5.3 c. mm. (a decrease of 36 per cent), the low 
point occurring after an average of 10 seconds. 
The average decrease in the volume of the part, 
as documented by the change in the "alpha!’ 
waves, was 32 c. mm. The average time for the 
recovery of the volume ("alpha” waves) was 23 
seconds, whereas the pulse waves recovered in 28 
seconds (Table I, Figure 1). This difference is 
further evidence that the two can vary independ- 
ently, though usually they do not do so. If, in- 
stead of obtaining the average reaction time in the 
fingers of many persons, many measurements were 
made of a single subject, the results turn out to 
be identical. In one patient, for example, the 
mean reaction time was 3.08 ± 0.06 seconds in 47 
responses. This figure is not significantly differ- 
ent from that of the entire group. The standard 
deviation was 0.58 ±. 0.04 second and the C07 
efficient of variation, 18.9 ± 1.’4 per cent. 

The respective mean values for the various 
phases of the vascular response of the finger tips 
other than reaction times in the hypertensive and 
senile subjects were; the volume of the pulse 
waves before application of each stimulus, 7.4 and 

9.4 c. mm. per 5 cc. of part; the volume of the 
pulse waves when a finger reached its minimum 
volume, 4.4 and 6.9 c. mm. ; the percentage of de- 
crease in volume of the pulse wave, 44 and 27 per 
cent ; the maximum decrease in volume of the part, 

26.4 and 22.8 c. mm. ; time required for the part 
to reach a minimum volume, 8.85 and 11.9 sec- 
onds ; time required for the part to regain its vol- 
ume, 18.2 and 22.1 seconds ; and the time for the 
recovery of the volume of the pulse wave, 25.6 and 

33.4 seconds. 

The hypertensive subjects found it very difficult 
to relax. Changing from a room resembling a 
laboratory containing much apparatus and equip- 
ment to a bedroom of ordinary appearance (10) 
aided in bringing on relaxation. From this bed- 
room, all physiological apparatus was removed. 
The effect of change in the room was similar in 

•* Changes in volume are given for 5 c. mm, of ana- 
tomical part. 
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senile patients, but practically no change was 
noticeable in the normal group which was re- 
cruited in great part from persons familiar with 
the procedures in laboratories. 

Stimuli, such as bell and light, which could be 
used without the presence of an observer in the 
patient’s room, were more frequently successful 
in eliciting responses than those which were ap- 
plied by an observer in the room. With such a 
one present, the patients became tense and their 
vessels constricted at first, though relaxation took 
place after a short interval. Often it was not 
complete until the observer left the room. Senile 
subjects were less sensitive to this situation than 
hypertensive patients. When a stimulus was espe- 
cially unpleasant to a hypertensive patient, he re- 
mained apprehensive and his blood vessels re- 
mained constricted for a long period of time, often 
for the duration of that particular observation. 
Such phenomena were less often encountered in 
senile subjects than in hypertensive patients. In 
fact, patients with hypertension were conspicuous 
in being unable to relax and in their tendency to 
be psychologically, disturbed. The statements of 
patients on the tenseness of their sensations and 
their appearance of being ill at ease ran parallel 
with the occurrence of persistent vasoconstriction. 
If a reaction occurred, even if the vessels were 
constricted, the reaction time was essentially the 
same as when the vessels were dilated. 

"Alpha” deflections documenting constriction 
of a part in response to stimuli differed from the 
alpha waves during spontaneous variations (3) 
in at least five ways: {1) After stimulation, vaso- 
constriction occurred more abruptly than during 
spontaneous variation. (2) After repeated stimu- 
lations at close intervals, the resulting downward 
deflections were more persistent than in the case 
of a series of spontaneous variations. (3) After 
stimulation, upward deflections did not occur. 
(4) In random samples of records of spontaneous 
variations taken for brief periods (3 seconds), 
downward deflections Avere rare. After stimula- 
tion, they occurred frequently in the fingers (65 
to 70 per cent) and less frequently in the toes (30 
per cent). (5) During periods of spontaneous 
variation, simultaneous, exactly synchronous 
downward deflections in both (right and left) 
fingers and toes Avere rare, though they Avere often 


concordant. After stimulation, abrupt simultane- 
ous downward deflections Avere the rule. 

When there was reaction to stimulation, it re- 
sulted always in reduction in volume of the fingers 
and toes, never in dilatation. Nor Avas there ever 
increase in the size of the pulse waves. Reaction 
to heat did not differ from that of other stimuli. 
The reaction time was almost invariably the same 
in right and left index fingers and in right and 
left second toe tips, as has just been implied. 

Two patients Avith hypertension Avere operated 
on.® Three Aveeks after operation, the volumes of 
the pulse Avaves in the toes in both Avere larger 
and those in the fingers smaller than before opera- 
tion. The vessels of the toes did not react to 
stimuli Avhile those of the fingers reacted poorly, 

DISCUSSION 

In any study of the reactivity of the blood ves- 
sels, clearly an analysis of the pathway stimuli fol- 
low is important. In intact human beings, direct 
measurement of the time consumed in traversing 
each of the component parts of that pathway is im- 
possible. There are involved, the time taken by the 
reception of the stimulus, the passage of the result- 
ing impulse through the central nervous system, 
the effector pathway, and the local complex mech- 
anisms which result in contraction of the blood 
vessels. The passage of the impulse from the 
point of reception and through the central nervous 
system occurs rapidly. The post-ganglionic fibers 
of the sympathetic nervous system, the ones most 
probably concerned in the transmission to the 
blood vessels, conduct impulses at varying rates 
in the order oi%tol meter per second. In order ■ 
to attempt an explanation of the delay in reaction 
time in the case of the toes, different assumptions 
may be entertained. If it can be assumed that the 
local mechanisms involved in the contraction of 
the blood vessels in the fingers and toes are alike, 
the added distance impulses must travel to the toes 
accounts for the delay of the order of 0.30 second. 
It is possible on the other hand that the major 
part of the delay is not consumed in the trans- 
mission of impulses over paths of different lengths 
but is due to differences in local mechanisms in 

® The operation consisted of section of the sympathetic 
nerves from the 9th dorsal to the 1st lumbar, together 
with excision of the celiac and aortic-renal ganglia on 
both sides. 
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finj^crs and toes. U seems likely now that the 
difTcrcncc in Icn^tli of pathways is sunicient to ac- 
count for tlie delay to the toes. The notion is not 
yet to he excluded however that local dilTerenccs. 
as for example a mere matter of the numher of 
units of nerves or rcccjitors. may he concerned in 
the result. There is a third jiossihility ; delay may 
result from the jiathway within the spinal cord 
over which an im])ulse must pass when received 
from the upiicr part of the body, before it reaches 
that level of the cord from which it emerges to 
proceed to the lower extremity. There is a final 
consideration. There is often detected a differ- 
ence in reaction time, in multijilcs as great as 2. 
These differences are now not understood. They 
do not depend on any factors which it has been 
possible to identify. That variations from subject 
to subject or from time to time in the same sub- 
ject are dependent on variations in the conduction 
rates of the impulses through nerves is unlikely; 
it is more likely due to variations in the blood 
vessels. But on such problems, no definite data 
have been established. 

Since the method now employed measures the 
constriction of the entire finger or toe tip, which 
of the many types of blood vessels reacted first or 
accounted for most of the constriction cannot be 
known. The fact that in some subjects the re- 
action resulted in a reduction in volume without 
concomitant reduction in the size of the pulse 
wave tends to indicate that vessels other than 
arteries and arterioles also react to the stimuli. 
The reaction times found in these studies were 


never as great as those reported by Fano (7) who 
found values as high as 7 seconds. 

The range of variation in the time occupied in 
reacting to a stimulus was moderately wide, but 
not nearly as wide as that required to bring about 
maximum constriction of a part. Man}" factors, 
most of them unknown and beyond control, play 
a part in influencing both the time and the degree 
of the total response. The importance of the im- 
mediate environment has already been empha- 
sized. And it has alread}' been remarked that 
subjects vary from moment to moment. MHien 
all the causes of variation are taken into account, 
the fact remains that there is great regularity in 
the physiological control of blood vessels. 

The question has been weighed whether im- 
pulses which traverse the brain have reaction times 
different from those which may pass only through 
the spinal cord. The mean reaction times in the 
fingers of normal subjects for light, bell, and pistol 
shot were 3.26, 3.33, and 3.07 seconds. Those for. 
shock, pin-prick, cold, and heat were 2.89. 2.95, 
3.07, and 3.04 seconds (Table I). At first glance, 
it appears that a reflex passing through the brain 
experiences a delay. The fact that both pistol 
shot and cold consume the same time is not easily 
reconciled with this view. 

The vascular responses to the stimuli were 
widely distrilmted, liaving occurred almost simul- 
taneously in fingers and toes on both sides. There 
was, in addition, definite slowing of the heart rate 
(Figure 2). 



r.coKD or T„P .ms or tup. nu.ur, i, g. Index Finger and 

TUP. Right, .1. Second Toe and 


These are simultaneous records. From about the 72nd to R/lth seconds, the camera .speed \ 

6 cm. per second while otherwise the speed was about 8 cm. per minute. U indicates the 
constriction occurred. This point was found at the intersection of a line which joined tli f vaso- 

last 4 pulse waves just before the volume of the part cliamfcd and another one throuLdi^tl of the 

v.^\cs just after vasostriction bcj,^an. The time of reaction was rnerisured from the nnint 
o the stimulus to the point R. Bradycardia is ewident during the pf:rir/l of vasoconstrictioi^ application 
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Reaction time 


Fig. 3. Distribution Curves Giving the Reaction Times of Normal, Hypertensive, 

AND Senile Individuals 

These curves overlap. The curve of the hj'pertensive patients is fartlier to the left 
than that of the normal persons; that of the senile subjects, relatively farther to the 
right. This curve (senile) has a wider distribution than the other two. 


The degree of vasoconstriction, suddenness of 
constriction, duration of constriction, time re- 
quired for the constriction to reach its limit, and 
the time required for recovery were not materially 
different in the case of any of the stimuli used 
(Table I). There was no method available ac- 
cording to which normal subjects could lie grouped 
on the basis of any aspect of their responses. 

It was noticed that some individuals were made 
much more apprehensive by certain stimuli than 
by others. In some subjects, the electric shock, 
the pistol shot, or even heat or cold were so dis- 
tressing as to prevent them from relaxing nor- 
mally. The electric shock produced apprehension 
most often. After the first observation, those 
stimuli which produced psychic discomfort were 
recognized. On the next observation, the subject 
w'as informed at the beginning of the study that 
the offending stimulus would not be emploj^ed. 
Invariably it was found that relaxation then oc- 
curred more quickly and completely. During 
some observations, a subject would relax and 
would respond to stimuli which were not disagree- 
able but would, once one was found to be so from 
a psychological point of view, react so that his 
blood vessels contracted but would not recover 
within a reasonable period of time. The vessels 


remained tightly constricted, the patient became 
afraid, and no further reactions of the blood ves- 
sels were detected, regardless of the stimulus ap- 
plied. It was found that the stimuli, the room 
(10), the entrance of a strange observer, and many 
other factors which are usuall}' regarded as in- 
nocuous would often disturb the patient sufficiently 
to prevent satisfactory relaxation. It is impos- 
sible in such a study, or in all probability in any 
other type of physiological study on the vascular 
system in conscious human beings, to over- 
emphasize the importance of psychological fac- 
tors. Emotional or ideational stimuli, such as 
result from conversations involving sex, business, 
or matters of personal concern, elicited A'ascular 
reactions similar to those described in the case of 
mechanical stimuli. 

The measurements demonstrate that the times 
of reaction in the fingers of senile subjects and of 
hypertensive patients are reasonably close to those 
of normal persons (3.12), but that tliose of the 
senile ones are longer (3.86), and those of the 
hypertensive ones, shorter (2.94) (Figure 3). 
The difference. 0.18 second, between normal per- 
sons and patients with hypertension is statistically 
significant. It should not be over-emphasized, 
nevertheless, because these measurements arc not 
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accurate beyond dr 0.05 second. Aside from the 
differences in reaction time, otlier aspects of the 
nature of the vascular response are distinctive. 
The slope of the cur\’e is more precipitous, the 
state of maximum constriction is attained more 
quickl}-, the reaction takes place to a greater de- 
gree, and is over more quickly, than in the normal 
people. If, instead of a stimulus which is in- 
nocuous, psychologically, and which has no psy- 
chological persistence, stimuli occurred or were 
applied which were more painful or more far- 
reaching in influence, the continuance of constric- 
tion would exhibit far greater duration. This ob- 
ser\’ation suggests that,' in hypertensive patients, 
the impact of usual occurrences, not ordinarily 
regarded as harmful, in daily life result in effects 
upon their vascular systems of a degree and a 
duration beyond that e.xperienced by normal per- 
sons. Unfortunately, it has been impossible to 
measure changes in the blood pressure. No satis- 
factory apparatus free from the danger of occa- 
sioning psychological stress that would seiwe the 
current purpose is now available. 

In the senile subjects, clearly the reaction times 
of the fingers and toes were much longer than in 
normal or hypertensive persons. The reaction 
takes place, furthermore, not only more slowly but 
the entire response is slow to reach its maximum, 
slow to recover, the degree of the response is less, 
and the entire response has the appearance of less 
■vigor. The distribution cur\'es of the times of 
reaction of the finger tips of the three groups of 
subjects illustrate these differences. The means 
in these three groups are distinct. There is a 
considerable amount, nevertheless, of overlapping 
of these values. The shapes of the distribution 
curves are such that the hypertensive curve which 
IS to the left exhibits a fair sized area of over- 
lapping while that of the senile group to the right, 
is much wider, and so comes to coincide less with 
the normal curve. As quantities, though signifi- 
cant, these differences are small ; as qualities to be 
perceived clinically, they are very distinct 
The reactions in the toes of the hypertensive 
patients and senile subjects took place 0.30 and 
0.39 second later, respectively, than in the fingers. 
These differences indicate no difference statis- 
tirally among the three groups when compared 
with the value of 0.31 in normal individuals. 


By good fortune, it was possible to learn more 
intimately' the path which these impulses traversed. 
The observation was made possible by' the 2 pa- 
tients with hypertension who were operated upon. 
Their sympathetic nerves, after they' were cut, 
naturally failed to convey' impulses and so could 
not ser\'e as the efferent limits of reflex arcs set in 
motion by sensory' stimuli. Expected responses, 
therefore, did not occur. 


SUMMARY 


The mean reaction times in the tips of the fin- 
gers in normal (3.12) and in senile persons (3.86) 
differ from those in hy'pertensive patients (2.94), 
being most rapid in the hy'pertensive and slowest 
in the senile persons. In the tips of tlie toes, the 
general arrangement is the same, being fastest in 
hy'pertensive subjects (3.24) and slowest in the 
senile (4.25). In the toes, the delay (beyond the 
fingers) is of the same order of magnitude in 
each of the three groups. This can be accounted 
for on the basis of the time required for the ef- 


* ICilgtXl 

of post-ganglionic sympathetic fibers in order to 
reach the toes. The stimuli used were diffuse 
light, heat, cold, pin-prick, sudden loud noise 
(pistol-shot), and electric shock. There was no 
significant difference in the normal group among 
the stimuli used in the reaction time or in any 
part of the total vascular response, such as time 
for the vasoconstriction to reach a maximum de 
gree of change in the volume of the pulse 4ve 
time for recovery, and suddenness of response.’ 
It was not possible to group persons on the basic 
of their reactions to the stimuli 

The s W, light and beU, ,vhieh were applied 
while subjects were alone were more satisfaeto„ 

than those which, when applied, necessitated °S 

presence of an observer. Psychological fall ' 
often apparently ver,' mild, i„a„enced ftf r? 
spouses sigmficantly, which indicated the 
importance of recognizing them d.m'n . 
cascular studies on co„l„nrh,t™t'"'J>'"«l 

No correlation was found, prorided^'"®'' ■ 
to the stimulus --rred, Ween 
time and the state of the i-ac,-, i , reaction 
The reaction time was ^ 

the fact .ha, the tasc„]ar”“t”“ by 

contracted or dilated statP « ^ already in a 

^"as constricting or 
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dilating when the stimulus was applied. This was 
not the case concerning the degree of change in 
volume of the vascular bed during the response. 
The more constricted the vascular bed at the time 
of stimulation, the less change in volume. 

In general, the data strongly suggest that re- 
action time was more rapid, the vascular response 
occurred more suddenly and to a greater degree 
and was over more rapidly, in hypertensive than 
in normal persons. 

In the senile subjects, the reaction time was less 
rapid than normal and the vascular response oc- 
curred more slowly, to a less degree, and the re- 
covery was much slower. 

The reason for these differences is unknown. 
These differences can be owing to changes in the 
vessels them'selves or in factors outside the vessels 
such as the nervous system or in chemical states 
which influence the vessels. 
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Many of tlic blood vessels of the c-xtremities are 
under refle.x control. Numerous stimuli, such as 
cooling the bod\', pain, loud noise, or deep inspira- 
tion, produce reflex vasoconstriction. Heating 
tlie body causes reflex vasodilatation. The fact 
that either pre- or post-ganglionic sympathectomy 
eliminates these vasoconstrictor and vasodilator 
responses demonstrates that the sympathetic 
nerves contain the efferent limb of the reflex arc 
for both types of response (1, 2). These vaso- 
motor reflexes which are mediated through the 
sympathetic nerves could be explained equally well 
by either of the following hypotheses: (a) that 
vasoconstriction is an active process resulting from 
reflex sympathetic stimulation, and vasodilatation 
is a passive phenomenon resulting from inhibition 
or lack of sympathetic activity; (&) that both 
vasoconstriction and vasodilatation are active 
processes resulting from reflex activity. The lat- 
ter hypothesis assumes that part of the reflex 
vasodilatation results from inhibition of active 
vasoconstriction, but that vasodilatation beyond 
that point is an active process resulting from re- 
fle.x stimulation of the vasodilator nerves. This 
hypothesis gained support from the demonstration 
that the sympathetic nerves to the extremities con- 
tain both adrenergic and cholinergic fibers. The 
nerves supplying the sweat fibers are cholinergic, 
but anatomically they form a part of the sympa- 
thetic system. Might it not be possible that vaso- 
dilator, cholinergic fibers also coursed through the 
sympathetic ganglia and nerves? 

•Lewis and Pickering observed that heating the 
body was the most satisfactory means of causing 
neurogenic vasodilatation in the extremities of 
both normal subjects and patients with Raynaud’s 
disease, and that this response to body heating 
occurred only in the presence of intact sympathetic 
innen'ation (1). They noted that in normal sub- 
jects whose skin temperature had previously been 


lowered by e.xposure m a cold room, blocking the 
ulnar nerv^e caused vasodilatation and wanning of 
the anesthetized fingers. In two of their patients 
with Raynaud’s disease, block of the ulnar nerve 
did not cause the fourth and fifth fingers to warm. 
Heating the body produced normal vasodilatation 
in these fingers. They concluded: “To sum up, 
it is found in cases of Rajmaud’s disease exposed 
to suitable room temperature that ulnar anesthesia, 
with its inhibition of vasoconstrictor tone, fails to 
release the vascular spasm, but that under the 
same conditions, warming the body relaxes the 
vessels. The last effect occurs through sympa- 
thetic paths, failing to occur after sympathectomy, 
but as it is not due to simple inhibition of vaso- 
constrictor tone, being, in fact, prevented by anes- 
thetization of the mixed nerve, it must be attrib- 
uted to active vasodilatation.” These experiments 
are not conclusive because no evidence was ob- 
tained to show that the block of the ulnar nerve 
had actually inhibited the vasoconstrictor impulses 
to the vessels supplying the fourth and fifth fin- 
gers. It has been found that it is not always safe 
to rely on anesthesia alone as a sign that all s3Tn- 
pathetic fibers to the area are blocked (3) . Le\vis 
and Pickering (1), estimating changes in blood 
flow from changes in skin temperature, ivere un- 
able to obtain evidence of vasodilator nerves in 
normal subjects. They believed that these nega- 
tive experiments were not conclusive because 
changes in blood flow are not always reflected by 
changes in skin temperature. They pointed out 
that the loss of vasoconstrictor tone raised the 
temperature of the part to such a degree that fur- 
ther active vasodilatation had little chance of caus- 
ing a further rise in skin temperature. 

Grant and Holling (3) studied the blood flow 
in the forearm during intensive body heating. 
They found that the blood flow increased, and 
that this increase was dependent on the integrity 
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of the sympathetic nerves. • Local nerve block, 
however, caused the anesthetic skin to become 
pale and cool. "Moreover, if the skin is first 
flushed and warmed, and kept so by heating the 
body, and a cutaneous nerve is then blocked (the 
circulation to the hand being arrested), the area 
then becomes anesthetic and ceases to sweat, pales 
and cools.” These authors concluded that there 
are two means of defense against a rise of body 
temperature. "The first is brought into action 
by relatively gentle heating and consists chiefly 
of a dilatation of the arteriovenous anastomoses 
in the extremities, caused by inhibition of vaso- 
constrictor tone. The second is added when the 
heating is more intense and consists. mainly of a 
general dilatation of the cutaneous vessels associ- 
ated with sweating, both of which are caused by 
stimulation of the sympathetic nerves.” These 
experiments, too, suggest that the sympathetic 
nerves carry vasodilator fibers, but they are not 
conclusive. No data are given to show that novo- 
cainization of the peripheral nerves had produced 
complete sympathetic paralysis. Lack of sweat- 
ing of the anesthetized skin was noted, but recent 
investigations have shown that sweating may be 
markedly decreased without interfering with other 
functions of the sympathetic nerves (4).. The 
authors point out that the circulation in the fore- 
arm is considerably increased immediately after 
sympathetic ganglionectomy, and they are unable 
to account for the diflFerence between the effect 
of blocking a mixed nerve to a part of the limb 
and the effect when the sympathetic nerves sup- 
plying almost the whole limb are blocked. 

The fact that heating the body produces a 
greater blood flow in the normal extremity than 
in the extremity which has been sympathectomized 
for some time cannot be used as evidence for the 
existence of vasodilator nerves (1). It has been 
repeatedly shown that there is an increase in tone 
in vessels deprived of their sympathetic nerve sup- 
ply. If the comparisons between the blood flow 
in the normal and in the sympathectomized ex- 
tremities are made after several days, the com-- 
pensatory changes in the sympathectomized part 
make interpretation of the results difficult. The 
point at issue is whether, immediately after sympa- 
thetic section, the blood flow in the normal ex- 
tremity can be increased by reflex stimulation to 


a level above that in the sympathectomized 
extremity. 

It is possible to study the problem of whether 
vasodilator fibers are present in the sympathetic 
nerves supplying the extremities by determining 
the blood flow in the upper extremity before and 
after novocainization of the sympathetic ganglia 
supplying the part. The novocain blocks both 
vasoconstrictor and vasodilator stimuli. If vaso- 
dilatation is a passive process resulting from inhi- 
bition of reflex vasoconstriction, then blocking all 
vasoconstrictor impulses will cause as great a de- 
gree of vasodilatation as can be produced through 
reflex response to heating the body. On the other 
hand, if the sympathetic nerves carry both vaso- 
constrictor and vasodilator fibers, paralysis of both 
of these will produce some increase in blood flow 
because of removal of the vasoconstrictor im- 
pulses, but it will not produce as great an increase 
in blood flow as will reflex vasodilatation from 
heating the body, because the vasodilator impulses 
will also be blocked. 

METHOD 

These experiments were carried out on a normal, paid 
volunteer. The blood flow in the hand and forearm was 
measured by plethysmographic methods (5, 6). When 
the blood flow in the forearm was determined, the cir- 
culation to the hand was occluded by a tourniquet, distal 
to the forearm plethysmograph (7, 8). 

The subject sat upright in a chair with the arms rest- 
ing on a table in front of him. The parts to be studied 
were placed in the plethysmograph and surrounded by 
water of the desired temperature for at least 30 minutes 
before the experiment was started. Control flows were 
taken. 

The sympathetic ganglia supplying the right upper ex- 
tremity were then paralyzed by the paravertebral injec- 
tion of novocain. The spinous processes of the 7th cer- 
vical and upper 5 dorsal vertebrae were marked with a 
skin pencil and scratches were made 4 cm. lateral to each 
spinous process. The skin over the region was then dis- 
infected, and wheals were raised by injecting 1 per cent 
procain hydrochloride into the skin surrounding each 
scratch. A 3 inch, No. 22 gauge needle was inserted 
into the wheal opposite the 3rd spinous process, and ad- 
vanced perpendicular to the skin, toward the lower border 
of the rib, until it impinged in the general region of the 
tubercle. After contacting the rib, the needle was with- 
drawn slightly, a 2 cc. syringe full of 1 per cent procain 
was attached, and the needle was advanced slowly in a 
transverse plane at an angle of about 30 degrees to the 
sagittal plane of the body. Procain was infiltrated along 
the inferior margin of the costovertebral joint, the neck, 
and the head of the rib, so that there was no lasting 
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TAIILK I 

•Suiinnnrv of the experimental data or. the hard 


TcniiK'r.Ttiitc of w.-itJ-r in 



Kicht 

Lett 

Re.'ling 

30° C. 

30° C. 

Reflex v.v?o<lil.itation induced by iiii- 
mer.sing legs in hot water at 43° C.. 

30° C. 

30° C. 

•After right paravertebral block. 
Heating of legs continued 

31= C. 

31= C. 

After recovert' from paravertebral 
block. Heating of legs continued . 

31'= C. 

31= C. 

Temperature of water surrounding 
right hand raised to 43° C. Heat- 
ing of legs continued 

43° C. 

31° C. 


discomfort. The needle was inserted until it struck the 
bod> of the vertebra. In each instance, the patient de- 
scribed paresthesias along the intercostal nen'e as the 
needle was advanced the last 1 or 2 cm. 

The dth and 5th intercostal spaces were needled in 
succession, and then the 2nd and the 1st. Finally, a 
needle was inserted opposite the 7th cemdcal spine in a 
irection parallel to the needle in the first space. Be- 
muse 01 the position of the patient, the upper 3 needles 
ad to be angulated downward slightl}- as they skirted the 
nec , of the ribs. Ten cc. of alkaline procain (9) were 
injerted slowly in each interspace. After sympathetic 
para j sis dei-eloped, as evidenced bj- vasodilatation and 
t e de\elopment of Horner's sjmdrome on the injected 
SI e, the needles were removed. 

eflex t asodilatation was produced bj’ immersing the 
Egs in hot water (43° C.). Heating the body does not 
I ^ uce maximal vasodilatation in the hand when tlie 
idethysmograph is maintained at 30° C. (8). 
lere ore, when the full degree of vasodilatation which 
e induced bj- heat was desired, the part under 
eivation \\as surrounded bj' hot water. AVhen the 
contact with the skin, as in the hand 
\Vh ■ temperature was kept at 43° C. 

^ "ater was sejiarated from the skin by a thin 
. membrane, as in the forearm plethvsmograph. the 
temperature was maintained at 46° C. ' 


Blood fiow in cc. 
per 100 cc. 0 

» 

RiKht 

per minute 
ti?iue 

Left 

Remarks 

1 

1 

Room temperature: 21° C. 
Body exposed. 

8 

11 

The subject is warm all 
over and has begun to 
sweat. A'asodilatation is 
not complete. 

32 i 

1 

! 

i 

0-? 

On the left, the vasocon- 
strictor effect of pain has 
overcome the vasodilator 
effect of heating the body. 
There is no vasoconstric- 
tor effect on the right be- 
cause of the paraverte- 
bral block. 

13 

1 

j 

13 

Blood flow in both hands 
gradually rising as heat- 
ing of the body continues. 

34 ; 

j 

19 

Full vasodilatation in the 
right hand from a combi- 
nation of local heat and 
heating the body did not 
produce a significantly 
greater blood flow than 
was produced by block of 
the sympathetic ganglia. 


RESULTS 

Blood flozi' in the hands. The data from this 
e.xperiment are summarized in Table I. In this 
paper, the blood flow is recorded as cc. of blood 
flow per minute per 100 cc. of tissue enclosed 
within the plethysmograph. With the tempera- 
ture of the water in the plethysmographs at 30° 
and the arms, chest, and lower e.xtremities e.x- 
posed, the blood flow in each hand was 1 cc. per 
minute per 100 cc. of tissue (Figure 1-A). Room 
temperature was 21° C. The lower e.xtremities 
below tbe knees were then immersed in water at 
43° C. Body heating l,y this means was con- 
tinued throughout the entire experiment. Partial 
reflex vasodilatation occurred and the blood flow 
in the hands increa.sed, rising to a level of 8 cc in 
the right, and 1 1 cc. in the left (Figure 1-B). At 
this time, normal vasomotor activity, which is de- 
pendent on the integrity of tlie sympathetic nerv^es, 
was demonstrable m both hands (Figure 2-A). 
The s% mjiathctic ganglia supplying the right upper 
e.xtrcmit^ were then paralyzed by right paraverte- 
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A 



ROOM COOL WATER 30°C. 
RIGHT 1C.C. 

LEFT IC.C. 


B 



HEATING BODY WATER 30° C. 
RIGHT 8C.C. 

LEFT I1C.C. 



HEATING BODY RIGHT 43°C. AFTER RT. PARAVERTEBRAL BLOCK 

LEFT 31°C. WATER 31°C. 

RIGHT 34C.C. RIGHT 32 C.C. 

LEFT 1 9 C.C. LEFT 1 C.C. 

Fig. 1. Blood Flow in the Right (Upper) and Left (Lower) Hands 

Recorded in cc. of blood per minute per 100 cc. of band. A. Control. Body exposed, 
room temperature 21° C., water in plethysmograph at temperature of 30° C. B. After 
immersing lower legs in water at a temperature of 43° C. The blood flow has increased 
in both hands. C. Legs still in water at 43° C. Water about right hand at temperature 
of 43° C. Blood flow increased in both hands but greater in the one surrounded by the 
hot water. D. After right paravertebral block. Water about both hands at temperature 
of 31° C. Note that blocking the sympathetic nerves produces as great an increase in 
blood flow as the combination of local heat and heating the body (Figure LC). The pain 
produced by inserting the needles for the paravertebral block has caused marked vaso- 
constriction in the left hand. 


bral injection of novocain. The pulse waves in 
the right hand showed a marked increase in size, 
and tlie vasomotor activity which w'as present be- 
fore tlie block disappeared completely (Figure 
2-B). A deep breath, or pinching the skin, no 
longer produced vasoconstriction in the right hand. 
There was a marked Florner’s syndrome on the 
rio-ht. The skin of the right face and arm was 
warm and flushed, and the veins, full. There was 
no sweating. Note that the left hand now showed 
no spontaneous variations in volume, hut for a dif- 
ferent reason. The pain caused liy putting the 
needles in place for the paravertebral block had 
produced generalized vasoconstriction in all parts 


of the skin except w'here the sympathetic nerves 
had been paralyzed. The skin of the left arm was 
cold and clammy. The vessels of the left baud 
were fully constricted, and the blood flow, very 
slow. The vasoconstrictor effect of pain had com- 
pletely overcome the vasodilator effect of heating 
the bod}'. The blood flow in the right hand was 
noAv 32 cc. (Figure 1-D) ; that in the left hand was 
too low to be measured for some minutes, but it 
gradually increased as the effects of the pain de- 
creased. As the effect of the novocain wore off, 
the blood flow in the right hand gradually de- 
creased. Because of the continued body heating, 
the blood flow in both hands remained somewhat 
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A 


B 



CONTROL AFTER NOVOCAIN - BLOCK 

OF RIGHT 

SYMPATHETIC GANGLIA 


Fig. 2. Vasomotok Rkspon.^ks in the Right (Upper) and Left (Lower) Hand.s 
A. Control. N'ormal vasomotor activity in both hands. B. .After right paravertebral block. The ar- 
terial pulsations are very marked in the right hand, and there is no evidence of vasomotor activity. 
There is markcrl vasoconstriction in the left hand because of the pain caused by inserting the needles 
for the block. 


above the level present before ibe block. Spon- 
taneous vasomotor activity was now present in 
both hands. 

This portion of the experiment demonstrated 
that the blood flow in the right hand, already in- 
creased by refle.x vasodilatation from heating the 
body, was further increased by blocking all the 
sjmpathetic nerves to the part. It was obvious, 
however, that complete vasodilatation was not 
present in the hand before the paravertebral block. 
It has been demonstrated that, in the hand, com- 
plete vasodilatation is not produced by heating 
die body if the temperature of the water surround- 
ing die hand is maintained at 30° C. (8). The 
maximal \ asodilatation that can be induced by 
leat will occur if the water is maintained at a 


temperature of 43° C. Therefore, in order to 
compare the efifect of paravertebral block with the 
full vasodilator effect of heat, it was necessary to 
raise the temperature of the water surrounding 
the right hand. 

The water about the right hand was heated to 
43° C, that about the left hand remained at 31° 
C. Twenty minutes later blood flows were re- 
corded in both hands ; that in the right was 34 cc. ; 
that in the left, 19 cc. The blood flow in the left 
hand had risen because of the continued body heat- 
ing produced by having 3 e.xtremities immersed 
in water at 43° C. The flow in the right hand 
had increased above that in the left hand because 
of the combined effect of local heat and body 
heating. It is significant that this combination 


TABLE II 

Summary of experimental observations on right forearm 



Temperature of water 
in plethysmograph 

Blood flow in cc. per 
minute per 100 cc. 
of tissue 

Resting . . 



After right paravertebral block 

31 C. 1 

3rc. 

2 

TemnT;"‘^S'^ 



^1 L.. 

46*= C. 

2 

12 

_____________ 


Remarks 


Room temperature: 22° C. 

Block satisfactory, as shown by hot, 
dry right hand with rapid blood 
flow. The left hand was moist 
and cold. 


The temperature was raised to 46° C. 
rather than 43° C. because in the 
forearm plethysmograph the water 
is separated from the skin by a thin 
rubber membrane. 
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A 




5 C.C 



CONTROL 
WATER 31* C 
FLOW 2 C C 



AFTER PARAVERTEBRAL BLOCK 
WATER 31*C. 

FLOW 12 C.C. 


WATER 46* C 
FLOW 12 C C. 


Fig. 3. Blood Flow in the Right Forearm 

Recorded as cc. per minute per 100 cc. of forearm. Circulation to the hand 
occluded. A. Control. Water in plethysmograph at 31° C, B. After para- 
vertebral block. Water in plethysmograph at 31° C. Note marked increase in 
blood flow. C. After water in the plethysmograph had been at temperature of 
46° C. for forty minutes. 


of local and body heating caused no greater vaso- 
dilatation in the right hand than did block of the 
sympathetic nerve supply. It was, therefore, con- 
cluded that there were no vasodilator fibers in the 
sympathetic nerves supplying the hand, because 
removal of all sympathetic impulses produced com- 
plete vasodilatation. 

Blood flozv in the forearm. Because the vas- 
cular reactions of the forearm differ somewhat 
from those of the hand (7, S, 10), it was still pos- 
sible that the sympathetic fibers suppljdng the 
forearm might contain vasodilator fibers. There- 
fore. at another time, the response of the vessels 
of the forearm after blocking of tbe sympathetic 
nerve supply was studied (Table II). 

The subject sat upright in a chair, with the right 
forearm in a plethysmograph. Tbe water in the 
plethysmograph was maintained at a temperature 
of 31° C. The resting blood flow was 2 cc. per 


minute per 100 cc. of forearm. The sympathetic 
nerves to the right upper extremity were then 
blocked by tbe paravertebral injection of novocain. 
This produced a marked Horner’s syndrome on 
the right. The skin of the right face and 
arm became warm, flushed, and dry. The veins 
were full. The skin of the remainder of the body 
was pale, cold, and covered with perspiration from 
the pain which was produced by putting the 
needles in place for the injection. The blood flow 
in the right forearm was 12 cc. after the block. 
As the effect of the novocain wore off the blood 
flow returned to the control level. The tempera- 
ture of the water in the plethysmograph was tlicn 
raised to 46° C. Fort}' minutes later the blood 
flow in the forearm was 12 cc. As in the band, 
paralysis of tbe sympathetic nerves had jirodiiced 
as great vasodilatation as did the application of 
local heat. It was not considered necessary to 
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detemiiiic the hlood flow after body heating be- 
cause it has been shown that the application of 
local heat to the forearm produces more complete 
vasodilatation than is obtained from heating the 
body (8). 

COMMENT 

Tliis investigation was carried out on only one 
subject. In each set of experiments, data were 
collected before, during, and after tlie paravertebral 
block. Because of the nature of the investigation, 
it was possible to make repeated observ'ations 
during each phase of the experiment. It is felt 
that this type of carefully planned experiment, in 
which tlie subject serves as his own control, is 
more valuable than less complete observations on 
several subjects. 

Other investigators have not produced as great 
a degree of vasodilatation from paravertebral 
block as they have from heating the body (6, 11). 
They made no attempt, however, to determine 
whether the injection of novocain had completely 
destroyed all evidences of sympathetic activity. 
Their results are comparable to those obtained 
by us while the effect of the novocain was wearing 
off. Partial block produces some increase in 
blood flow, but not as much as is caused by body 
heating. It has been previously shown that the 
majority of the vessels in the hand are fully dilated 
by local heat (8). The fact that blocking sympa- 
thetic impulses to the hand produces as complete 
vasodilatation as does heating the part indicates 
that most of the vessels in the hand are under the 
influence of the sympathetic nervous system. As 
will be pointed out below, the forearm differs from 
the hand in this respect. 

In the forearm, blocking of the sympathetic 
ganglia caused an increase in blood flow to the 
same level as that produced by local heat. It is 
known that in the forearm, local heat produces as 
great, or greater, vasodilatation as that produced 
by heating the body (8). Neither local heat, nor 
n combination of local heat and body heating, pro- 
duces maximal vasodilatation in the forearm (8). 
Exercise causes much greater vasodilatation than 
occurs as a reflex response to heating the body, or 
than was produced in this subject by block of the 
sympathetic nerves. This indicates either that, in 
contrast to the hand, many of the vessels of the 
forearm are not under the control of the sympa- 


thetic nervous system, or that heat is not an ade- 
quate stimulus for producing reflex vasodilatation 
in the forearm. Experimental observations have 
shown that heating the body is the strongest 
known stimulus for reflex vasodilatation of the 
vessels of the forearm. The vasodilatation in- 
duced by arterial occlusion, exercise, and epineph- 
rine is not reflex in origin. As the vessels of the 
skin of the hand have been shown to be under 
sympathetic control, it is logical to assume that 
the vessels of the skin of the forearm are also 
under sympathetic control, and that the difference 
in the reaction of the vessels of the hand and of 
the forearm to heat and sympathetic block is ex- 
plained by the greater mass of muscle in the fore- 
arm. These observations suggest that the sympa- 
thetic nervous system plays little part in regulat- 
ing the blood supply to the muscles. 

Grant (12) has demonstrated that the local 
vascular effects of exercise are independent of 
the sympathetic nerves. Kunkel, Stead, and 
Weiss (8) concluded that local heat to the fore- 
arm caused much greater dilatation in the vessels 
of the skin than in the vessels of the muscles. 
They noted that though the resting blood flow 
could be greatly varied by raising or lowering the 
temperature of the water surrounding the fore- 
arm, vigorous exercise of the forearm produced 
approximately the same increase in blood flow 
above the resting level. It has also been shown 
that arterial occlusion produces a much greater 
blood flow in the forearm than occurs after reflex 
dilatation from heating the body, or from a com- 
bination of body heating and local heat to the fore- 
arm (8, 10). This again is in sharp contrast to 
the findings in the hand and foot, where local 
heat produces more nearly mammal vasodilatation. 
The reactive hyqjeremia in the forearm produced 
by the release of arterial occlusion is not altered 
by sympathectomy (10). 

Patients with destruction of a lateral portion of 
the medulla oblongata, from thrombosis of the 
posterior inferior cerebellar artery*, frequently 
show partial sympathetic paral}*sis. In certain of 
these patients, the vessels of the extremities on the 
side of the lesion are not able to constrict fully 
when the body* is cooled, but they dilate normally 
when the body* is heated (4). They resemble 
cases of unilateral peripheral sympathectomy in 
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that the involved hand is the warmer one when 
the body is exposed in a cool room, but they differ 
from the unilateral sympathectomy in that warm- 
ing the body . produces as great an increase in blood 
flow in the involved hand as it does in the normal 
hand. The induction of this type of paralysis of 
vasoconstriction without disturbance of vasodilata- 
tion would be ideal in the treatment of Raynaud’s 
disease. Heretofore, there have seemed to be two 
equally plausible explanations for this dissociation 
between vasoconstriction and vasodilatation: (a) 
that the sympathetic nerves to the extremities 
contain both vasoconstrictor and vasodilator fibers 
and that the medullary lesion destroyed the central 
connections of the vasoconstrictor fibers without 
injuring the tracts concerned with vasodilatation; 
(&) that the sympathetic nerves contain only vaso- 
constrictor fibers, vasodilatation being simply in- 
hibition of vasoconstriction, so that partial de- 
struction of the central connections of the vaso- 
constrictor fibers interfered with the active process 
of vasoconstriction without disturbing the passive 
vasodilatation resulting from inhibition of vaso- 
constriction. The experimental data reported 
here indicate that the latter is the correct explana- 
tion. It is of interest that with the medullary 
lesion the remaining connections of the vaso- 
constrictor nerves are sufficient to prevent the 
vessels of the extremities from exhibiting the in- 
crease in tone which follows either pre- or post- 
ganglionic sympathectomy, though they are not 
capable of producing normal vasoconstriction on 
cooling the body. Therefore, inhibition of vaso- 
constriction still allows full normal vasodilatation 
to occur. 

SUMMARY AND CONCLUSIONS 

(1) On two occasions, the sympathetic ganglia 
supplying the right upper extremity of a normal 
subject were injected with novocain by the para- 
vertebral route. The blood flow in the hand and 
forearm was measured before, during, and after 
the anesthetization. 

(2) Complete absence of any vasomotor ac- 
tivity in response to sensory stimuli or deep in- 
spiration indicated complete paralysis of the sym- 
pathetic ganglia supplying the right hand. The 
sympatlietic paralysis produced a striking increase 
in blood flow. After the effect of the novocain 


had passed away, the right hand was immersed in 
water at a temperature of 43° C. Local heat 
produced the same increase in blood flow in the 
right hand as had sympathetic paralysis. 

(3) The fact that acute sympathetic paralysis 
produces nearly maximal dilatation in the hand in- 
dicates that most of the vessels supplying the 
hand are under control of the sympathetic nervous 
system. 

(4) The fact that complete blocking of sympa- 
thetic ganglia produces full vasodilatation in the 
hand demonstrates that inhibition of sympathetic 
activity is sufficient to explain the vasodilatation 
which occurs in the hand when the body is heated. 
There is no necessity for postulating that the sym- 
pathetic nerves to the hand contain vasodilator 
fibers. 

(5) In the forearm, paravertebral novocainiza- 
tion of the sympathetic ganglia caused a six-fold 
increase in blood flow. A similar increase in 
blood flow was produced by immersing the fore- 
arm in hot water (46° C.). This indicates that 
removal of all sympathetic impulses to the vessels 
of the forearm produces as great a rise in blood 
flow as does heating the part. Inhibition of vaso- 
constriction adequately explains the increase in 
blood flow which occurs when the body is heated, 
and there is no need to assume that the sympa- 
thetic nerves to the forearm contain vasodilator 
fibers. 

(d) The fact that neither heating the forearm 
nor injection of the sympathetic ganglia with 
novocain produces maximal dilatation in the fore- 
arm indicates that many of the vessels of the fore- 
arm are not under control of the sympathetic 
nervous system. It is suggested that the vessels 
of the skin of the forearm are under the control 
of the sympathetic nervous system, and that those 
of the muscle are not. 

This investigation was carried out with the technical 
assistance of Miss Rosamond Piotti, S.B. 
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In li 3 -pertcnsive, as well as in normal, subjects, 
it is generallj' held that tlte level of arterial blood 
pressure is affected largelj- b\' the tone of the 
terminal arterioles; the vessels be 3 -ond are onl 3 ' 
passiveh- concerned (1 to 4). Tiiere are, never- 
theless, reports to the contrail’ (5, 6). These 
studies are, for tlie most part, based on direct and 
indirect mensuration of capillary pressure. There 
is considerable evidence, however, that the small- 
est blood vessels are involved functionall 3 ' and 
morphologically in the disorders of the peripheral 
vascular tree, in ways other than that which ma)’ 
be demonstrated by the mere determination of 
the pressure relationship behveen capillaries and 
arterioles (7 to 10). The e.xperiments reported 
here are designed to elucidate this problem by 
quantification of the responses of the smallest 
blood vessels in the skin of a selected group of 
patients, by the use of two methods recently de- 
scribed .(ll, 12). The first method measures the 
sensitivit 3 ' of small dermal blood vessels to graded 
mechanical stroking (vasoconstriction), while the 
second measures the h 3 'peremic response conse- 
quent to a standardized period of local ischemia 
(v^odilation). Individual, seasonal, segmental, 
an aging variations of these responses in normal 
subjects have been previously described (11 to 


Methods and procedures 

patients employed in this sti 
given clinic 

— as standardized as possible. Ai 

tion^anfi^thfr 

Research Council. Endocrinologj-, Natic 


a review of the history, a careful physical examination 
was performed. Especial note was made of any abnor- 
mality pointing toward disease of the peripheral vessels. 
Every patient had a fundiscopic examination, an electro- 
cardiogram, a si.x foot x-ray plate, blood chemistries, 
and several urinalyses. 

The special determmations of small dermal blood ves- 
sel rcactivitj’ could usually be done following the phj-sical 
examination. However, to maintain basal circulatory 
conditions, the patient rested quietly at least one hour 
before each determination. In every case, the skin of the 
ventral surface of the forearms was used as in our pre- 
vious studies. A strength-duration curve was then de- 
termined using a mechanical device capable of varying 
both the speed and intensit>’ of application of a stroker 
along the skin. This was done by finding the least 
weight in grams at each of five critical speeds of the 
stroker which produced a liminal degree of vasodilation 
against a background of vasoconstriction. The curve thus 
obtained was quantitated mathematically using the formula 

recommended by Lassalle,^ E =Rj,eobase= X Chroiiic'k' 

(For full discussion of this method see (11).) Figure 1 
illustrates samples of intensit}'-duration curves, obtained 
on three patients with different tj-pes of lesions. 

The abilitj’ of small cutaneous blood vessels to respond 
by reactive h>-pereraia to local ischemia was then ascer- 
tained. This was done by application of a rubber ring, 
five square centimeters in area, to the skin of the fore- 
arm, the weight loading of which was 100 grams per 
square centimeter. By varying the length of time m 
seconds of application of the ring, an area of reactive 
hv^peremia of even intensity, color, texture, and discrete- 
ness of edges could be obtained. This u-as called the 
threshold. By timing the period of time, in seconds, 
which such a hyperemic area required to fade to the color 
of the surrounding skin, the clearing time was obtained- 
(For full discussion of this method see (12).) The 
clearing time has been shown to be directlj’ related to 

® In this investigation, only the Lassalle coefficient will 
be considered as the significant criterion of comparison 
of the intensity-duration curves. The rheobase, chro- 
naxie, and the log-log slope of the curves were also 
analyzed, but it was found that they did not contribute 
to the clarity of the results. 
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obtained was quantitated mathematically using the formula 

recommended by LassaUe,^ E = Rhgobase ^ X Chron^Te'' 
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illustrates samples of intensitj’-duration curves, obtained 
on three patients with different types of lesions. 

The ability' of small cutaneous blood vessels to respond 
by reactive hyperemia to local ischemia was then ascer- 
tained. This was done by application of a rubber ring, 
five square centimeters in area, to the skin of the fore- 
arm, the weight loading of which was 100 grams per 
square centimeter. By varying the length of time in 
seconds of application of the ring, an area of reactive 
hyperemia of even intensity, color, texture, and discrete- 
ness of edges could be obtained. This was called the 
threshold. By timing the period of time, in seconds, 
which such a hyperemic area required to fade to the color 
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HYPERTENSION 



MALIGNANT 
HYPERTENSION 
Blood Pressure = 200/M0 


A.M. AGE=35 
E'- 0.06x10"* 



1 


DURATION OF STIMULUS ~ Sec/cm. 


Rheobase X Chronaxle 

Fig. 1. Method of Plotting the Intensity-Duration Curves Obtained by Mechanical Stroking of the Skin 
The Lassalle coefficient, E, is calculated as shown by graphically finding the values of the rheobase and the chro- 
naxie. The three types of patients shown illustrate the range of capillary sensitivity found in this study. 


the rate of cutaneous blood flow (12 to 14). Normal 
values will be discussed later. 

No attempt was made to select an especial type of 
hypertensive patient. All those patients who came to 
oUr attention, in the cardiac clinic or on the medical 
wards, with a diagnosis of arterial hypertension or of 
arteriosclerosis were accepted for study. These, nat- 


urally, included both early and late stages of arterial 
hypertension and of arteriosclerosis. The sex and age 
incidence of arterial hypertension of our group of pa- 
tients agreed very well with that of other investigators 
(IS). Most of the patients were in the sixth decade of 
life, with a spread of from the third to the eighth decades 
(see Table I). 


TABLE 1 


Comparison of normal blood vessel reactions with those in arterial hypertension and in arteriosclerosis 
Statistical analysis of the data obtained by graded mechanical stroking of the skin (capillary sensitivity). 





Reactive hyperemia* 



Capillary sensitivity 


Type of subject 

Number 

in 

sample 

Mean 

age 

Threshold, 
per cent 
of 

normal 

Clearing 

time, 

per cent of 
normal 

Mean 

coef. 

of 

excita- 

bility 

xio-<t 

Stand- 

ard 

devia- 

tion 

db 

S. E. 
of the 
mean 
± 

S. E. of 
difference 
from the 
normal 
mean 
± 

1 

Probability 

from 

Fisher’s 

Table 

Normal control 

32 

53 

100 

100 

0.23 

0.332 

0.059 



0.8-0.9 

Hypertensive 

50 

56 

104 

108 

0.24 

0.217 

0.031 

0.0667 

0.1498 

Hypertensive and 

arteriosclerotic 

Arteriosclerotic 

25 

58 

95 

96 

0.21 

0.174 

0.035 

0.0686 

0.2915 

0,7-0.8 

23 

61 

105 

109 

0.18 

0.144 

0.030 

0.0654 

0,7645 

0, 4—0.5 

Malignant hyper- 
tensive 

10 

38 

See 

Table II 

See 

Table II 

0.08 

0.060 

0.017 

0.0614 

1 

I 2.443 

0.02-0.05 

Hypertension plus 
other lesions 

13 

55 

See 

Table III 

See 

Table III 

1.73 

1.087 

0.301 

0.306 

4.902 

Less than 
0,001 


♦For discussion of the expected normal thresholds of reactive hyperemia in relation to age and season see text. 


^ ^ Rheobastf X Chronaxie ' 
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Earlj- in tlie investigation, it was found that some 
patients with arterial hj-pertension also had a considerable 
degree of arteriosclerosis, and vice versa. It was there- 
fore deemed desirable to separate tlie group into three 
subgroups, n'c., h>'pcrtcn5ion, hypertension complicated by 
arteriosclerosis, and arteriosclerosis. The extent of ar- 
teriosclerosis was ascertained by the usual clinical meth- 
ods, i.e., history of coronary occlusion, intermittent 
claudication, etc,, palpation of the radial and supcrfidal 
temporal arteries, fundiscopic examination, and x-rays of 
the larger vessels. 

For purposes of correlation with the capillary sensi- 
tivity test (graded mechanical stimulation), it was nec- 
essao" to grade arbitrarily the severity of the disease 
process in the group of patients with uncomplicated ar- 
terial hjpertension.^ This was done by following closely 
a plan similar to that advocated bj' Adson and Allen (17). 
Thus, by consideration of the general symptomatology, 

♦We feel that it is justifiable to refer to this test as 
a capillary sensitivity test. The term smallest blood ves- 
sels is more strictly proper, for the vessels affected un- 
doubtedly include the finest arterioles and venules, besides 
the capillaries. However, Lewis (16) clearly presents 
the reasons why the white and red responses, upon which 
this test is based, may be considered an index of capillary 
reactivity. 


changes in the retina, and the diastolic and systolic levels 
of blood pressure, it was possible to divide the patients 
into four main groups. 

To obtain a basis of comparison, the same determina- 
tions were done upon a control group in the fifth and 
sixth decades of life, in which age group, most of our 
abnormal patients fell. These normals were selected 
from patients attending the eye clinic for refraction 
preparatory to the fitting of spectacles. A careful ex- 
amination was done in each patient to exclude serious 
disease, especially that involving the cardio-vascular sys- 
tem and the skin. 

RESULTS 

ScnsHhiiy to graded mechanical stimulation; 
capillary sensitivity. The results obtained in the 
normal group may be compared with those in the 
hypertensive group. By glancing at Table I, it 
will be seen that the mean coefficient of exdta- 
bility for the normal group, 0.23 X 10"*, is very 
similar to that of the hypertensive group, 0.24 X 
10*^. The coefficients for the hypertensive and 
arteriosclerotic groups also do not deviate mark- 
edly from that obtained in the normal. 



X= HYPERTENSION 

• = HYPERTENSION + OTHER LESIONS 
■= MALIGNANT HYPERTENSION 


pjQ 2 The L 

E ASSALLE OlEmCIEXTS 07 THE GeOOT OF PaTTEXTS WITH ArTEEIAI. HyPEETEXSIOK AbE PijOTTED 

Scatter’ Agaikst the Severity op Their Disease as Discussed ix the Text 

^nd with'hyD°rt*^' indicates the lack of correlation. Note that patients with malignant hypertension, 

cated hypertcnsi^^'°'T^^^°^'^-*^ lesions, fall into areas outside the general average or the imcompli- 

hj-pertension square marked by the asterisk is the coefficient of a patient who had malignant 

P icated by hemiplegia, with residual mental symptoms. 
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The results of the capillary sensitivity tests in 
the hypertensive group are graphically illustrated 
in Figure 2. The individual coefficients (in some 
cases, the average of as many as four determina- 
tions) are plotted against the severity of the 
hypertensive disease process, arbitrarily ascer- 
tained as described above in the section on meth- 
ods. It is apparent from the scattering of the 
crosses that capillary sensitivity, as determined by 
mechanical stimulation of the skin, bears no rela- 
tionship to the severity of the hypertensive lesions. 
A number of cases of malignant hypertension, and 
hypertension associated with certain other lesions, 
are also charted, which deviate widely from the 
uncomplicated hypertensive group. These will be 
discussed below. 

Graphs were also plotted (not included in this 
paper) which permitted interpretation of the in- 
fluence, if any, of the level of the diastolic and sys- 
tolic pressure upon the individual coefficients. It 
was found that the level of either diastolic or sys- 
tolic pressure had no correlation with the value 
obtained in the capillary sensitivity test. It is 
therefore probable that the level of the arterial 
blood pressure is not a significant factor in the 
sensitivity of the capillaries', as measured in this 
study. Furthermore, the capillary sensitivity is 
not influenced by the degree of severity of the 
hypertension, except as noted below. These 
conclusions also apply to the. results obtained on 
patients with hypertension and arteriosclerosis, 
and "with arteriosclerosis alone. 

Responses to local ischemia; threshold of reac- 
tive hyperemia. The results of the reactive hy- 
peremia test must be considered against the dem- 
onstrated normal seasonal variation in this reac- 
tion. In a previous study (12), on a large group 
of normal subjects, it was found that the thresh- 
old of reactive hyperemia varied from fifteen to 
twenty seconds in mid-summer, to seventy to 
eighty seconds in mid-winter. It was therefore 
necessary to collect seasonal data on normal sub- 
jects simultaneously with that obtained on the 
hypertensive and arteriosclerotic patients. This 
was done by weekly determinations on two nor- 
mal subjects, throughout the course of this study. 
To this was added from time to time the normal 
data from other studies then in progress (13, 14). 
From a seasonal cun^e, thus constructed, the per- 
centage delation of the experimental data from 


this normal data could be ascertained at any sea- 
sonal period throughout the year, 

A threshold percentage greater than 100 per 
cent, or the expected seasonal normal, indicates 
less ability of the small dermal blood vessels to 
respond by reactive hyperemia to local ischemia. 
Similarly, a clearing time percentage greater than 
100 per cent denotes a relatively slower cutaneous 
blood flow. The opposite relationship, obviously, 
also holds true. Since a scattering of as much 
as ten per cent may be present in a normal group, 
such a deviation cannot be considered abnormal 
in either group of data. It can be seen by glanc- 
ing at Table I that the thresholds and clearing 
times of the reactive hyperemia tests do not de- 
viate significantly from the normal, either in the 
hypertensive or ateriosclerotic groups. It is 
therefore evident that the small dermal blood ves- 
sels are not impaired in their capacity to respond 
to local ischemia, either in arterial hypertension 
or in arteriosclerosis. Furthermore, it is possible 
to infer, from a comparison of the clearing times, 
that the rate of blood flow in the skin also is not 
significantly different from the normal, since in 
previous studies it has been shown that the clear- 
ing time is directly related to the rate of blood 
flow in the skin (12 to 14). 

Malignant hypertension. It must not be sup- 
posed, however, that the hypertensive process in 
its most severe phases will not ultimately influence 
the responses of the smallest dermal blood vessels. 
Eleven cases of the malignant phase of hyperten- 
sion came to our attention, eight of whom had dis- 
tinctly abnormal responses to these tests.® These 
are summarized in Table II. With the exception 
of M. S., all had coefficients of excitability which 
were either normal or distinctly lower than nor- 
mal. Thus, they ranged from 0.02, the lowest 
coefficient obtained in the entire series, to 0.20 
which was that of the least ill member of the 
group, as judged by other standards. Patient 
M. S., who had a coefficient as high as 1.00 on one 
occasion and 0.38 about three months later, was 
the only one of the eleven who presented more 
sensitive dermal blood vessels than the average 
normal. However, she had a central nerve lesion 
which may markedly affect these blood vessel re- 

5 Our vie-vvpoints concerning the nature of malignant 
hypertension concur closely with those of Derow and 
Altschule (18). 
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sponscs, as will be discussed later. It is therefore 
evident that the most severe phases of hyperten- 
sion may be associated with a considerable de- 
crease in the ability of the small dermal blood ves- 
sels to respond to mechanical stimulation. 

The responses to local ischemia are even more 
abnormal. With the e.\ccption of R. S., five pa- 


tients had a threshold of greater than 200 per cent 
of normal. Two patients had no reaction at all 
after five minutes stimulation time, and three pa- 
tients had incomplete reactions at the end of five 
minutes stimulation. This is a distinctly ab- 
normal finding, since no normal subject has ever 
been encountered on w’hom a response could not 


TABLE II 


Malignant kyperlension 





Avemce 

blood 

presfure 

Capillary 

sensitivity 

Reactive hyperemia j 




Patient 

Set 

Ace 

CoeJHdent 

of 

eicilability* 

xio-< 

Threshold, 
per cent 
of 

normal 

Cleariog time, 
percent 
of 

normal 

Eye grounds 

Urinet 

Remarks 

R.S. 

F 

53 

mm. He 

230/140 

0.20 

147 

100 

i 

Exudate; ^ 

hemorrhage; 
blurred discs 

S.G.=1021 

Alb.=3-f 

Excellent sldn 
color 

N. C. 

F 

47 

220/110 

0.04 

300 

230 

Exudate; 

hemorrhage 

S.G.=1023 
Alb. =2+ 

Pale, pigmented 
sldn color 

M.S. 

F 

52 

268/180 

1.00 

0.38 

No reaction after 5 minutes 

Exudate; 
extreme 
spasm of 
vessels 

S.G. = 1026 
AIb. = l-f 

Hemiplegia with 
residual paraly- 
sis and extreme 
mental symp- 
toms. Very pale, 
pigmented slan 
color 

M.V. 

F 

30 1 

232/156 

0.08 

0.11 

Not complete at 5 minutes 

Papilledema; 
old and fresh 
hemorrhages 

S.G. = 1015 
Alb. = H- 

Very pale skin 

b.b. 

F 

52 i 

230/155 

0.02 

273 1 

1 

137 

Exudate; 
hemorrhage; 
edema of 
retina 

S.G. = 1015 
Alb.=3+ 
4+ 

1 

Pale, pigmented 
skin color 

m.d. 

F 

33 

260/158 

0.05 

253 

442 

Patchy exu- 
date; fresh 
hemorrhages 

S.G.=1016 
Alb.= l+ 

Pale, pigmented 
skin color 
(Negroid) 

A.M. 

M 

35 

200/140 

0.06 

650 

320 

i 

Exudate; 
hemorrhage; 
blurred discs 

S.G. = 1015 
Alb.=2-}- 
3+ 

Pale, pigmented 
skin color 


M 

45 

210/132 

0.10 

No reaction after 10 minutes 

Papilledema; 
old and fresh 
hemorrhages 

S.G.=1008 

Alb.=2+ 

3+ 

Pale, pigmented 

1 skin color 

J.W. 

M 

48 

214/150 

0.07 

303 

213 

] 

Marked, soft 
exudate; 
hemorrhage; 
spastic closed 
arteries 

S.G.= 1010 
Alb.=2+ 
4+ 

Pale, pigmented 
skin color. 

Died 4 days later 
in uremia 

M. L. 

M 

23 

264/148 

0.16 

Not complete at 5 minutes 

Papilledema 

S.G.=1012 

Alb.=4-f 

Pale, pigmented 
skin color 

M.d. 

■ M 

33 

210/120 

0.15 

Not complete at 5 minutes 

Blurred discs 

S.G. = 1012 
Alb. =2+ 

Moderately pale 
sldn color 


idieobase* X Chronaxie ' ^ abnonnal quantities of formed elements in their urine. 
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TABLE in 

Hypertension associated with certain other lesions 





Average 

Capillary 

sensitivity 

Reactive hyperemia 


Patient 

Sex 

Age 

blood 

pressure 

Coeflicient 

of 

excitability 

X10-‘t 

Threshold, 
per cent 
of 

normal 

Clearing time, 
per cent 
of 

normal 

Remarks 

A.E 

F 

56 

mm. Hg 

185/122 . 

1.48 

No reaction after 5 minutes 

Hemiplegia with residual 

R. W 

F 

54 

146/84 

1.47 

73 

88 

paralysis and mental 
symptoms 
Neurasthenia 

J.v 

F 

63 

140/90 

4.59 

83 

80 

3 years ago had high 

E. 0. 

F 

35 

140/100 

0.95 

94 

117 

B. P.; after heart at- 
tack, had low B. P. 
Headaches 
Post-encephalitic. 

L. A 

F 

68 

130/90 

0.48 

42 

45 

Parkinson’s syndrome 
Parkinson’s disease. 

M. M 

F 

39 

130/85 

0.49 

85 

81 

Paralysis agitans 
Post-encephalitic. 

M. C 

F 

73 

135/85 

0.74 

49 

56 

Parkinson’s syndrome 
Parkinson’s disease. 

C. W 

F 

50 

160/100 

0.30 

73 

56 

Paralysis agitans 
Parkinson’s disease. 

J. D 

M 

58 

185/120 

1.98 

170 

53 

Paralysis agitans _ 
Looked very anemic, but 

J. T. 

M 

48 

190/120 

4.44 

93 

60 

hemoglobin was IS 
grams. Vitamin B ^ 
deficiency? 

Parkinson’s disease. 

W. K 

M 

77 

220/120 

1.32 

83 

120 

Paralysis agitans 
Parkinson’s disease. 

M.S 

M 

31 

140/100 

0.89 

77 

71 

Paralysis agitans 
Post-encephalitic. 

N. M 

M 

49 

164/110 

2.13 

48 

141 

Parkinson’s syndrome 
Post-encephalitic. 








Parkinson’s syndrome 


Rheobase* X Chronaxie ’ 


be elicited in ninety seconds with the application 
of local ischemia, even at the height of the sea- 
sonal curve (12). The clearing times in those 
patients on whom a response could be elicited were 
as much as 200 per cent greater than normal clear- 
ing times, denoting a slowing of cutaneous blood 
flow. These results, therefore, disclose a marked 
impairment in the ability of the smallest cutaneous 
vessels of patients in the malignant phase of hyper- 
tension to respond by reactive hyperemia to local 
ischemia. 

The clinical finding of a pale and often pig- 
mented skin in these patients substantiates the 
dermal blood vessel tests. It is notable that the 
one patient in the group, R. S., who had normal 
skin, also had practically normal cutaneous blood 
vessel reactions (Table II). 

Hypertension associated loith certain other le- 
sions. Thirteen patients vnth various types of 


nerve lesions, ranging from hemiplegia with re- 
sidual symptoms to Parkinson’s disease, who had 
abnormal cutaneous blood vessel reactions, were 
also studied. Thus patient J. T., Table III and 
Figure 1, had a coefficient of excitability to me- 
chanical stimulation of 4.44, a figure nearly eight- 
een times that of the mean average for the corre- 
sponding group of hypertensives. All the others 
had coefficients far greater than normal (Table 
III). 

The responses to local ischemia in this group, 
with the exception of patient A. E. (Table III), 
substantiate the results of the mechanical stimula- 
tion test. Throughout this series, the threshold 
and clearing times were shorter than the expected 
normal. This denotes cutaneous vessels more 
sensitive to local ischemia, and a faster dermal 
blood flow than in normal skin. 
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In the light of these findings of increased small 
dermal blood vessel sensiti\'ity in hj'pertension 
with certain associated disorders and especially in 
central neiwe lesions, the high coefficient of case 
M. S., Table II, a malignant hypertensive, can 
now be explained. One year previous to admis- 
sion she had a stroke which resulted in complete 
hemiplegia, speech defects, and marked disorienta- 
tion. This, undoubtedly, lead to a coefficient of 
1.00 despite her advanced stage of hypertension. 

Various other diseases, and especially central 
neive lesions, such as hemiplegia and Parkinson’s 
S)'ndrome, greatly increase the responsiveness of 
small cutaneous blood vessels, both to mechanical 
stimulation and to local ischemia, even in the face 
of advanced hypertension. The reasons for this 
cannot be elucidated in this investigation, however. 
Further study of this type of patient is necessary. 

Statistical treatment. For purposes of analysis, 
the data were originally separated into male and 
female groups. No significant differences could 
be obtained, however, by various tests between 
these groups. Therefore, the data were combined 
for presentation in this communication. More- 
over, since there were nearly an equal number of 
males and females in each main group, any differ- 
ences which might be present neutralized each 
other. 

In order to ascertain further Just what signifi- 
cance might be laid on the differences bebveen the 
mean of the capillary sensitivity tests on the nor- 
mals as opposed to the experimental groups, the 
data were treated statistically following the recom- 
mendations of Mainland (19). Since, in data of 
this type, the probability (Fisher’s Tables (20)) 
must be at least 0.05 or less to be significant, it 
may be seen in Table I that the conclusions which 
have been placed on the data thus far are correct. 
Thus the data of the hypertensive, hypertensive 
and arteriosclerotic, and the arteriosclerotic groups 
have probabilities of 0.8, 0.7, and 0.4 respectively, 
putting these data far out of the realm of signifi- 
cance. The malignant hypertensive group has a 
probability of 0.02 to 0.05, which is Just signifi- 
cant. Doubtless, if more of this type of patient 
could have been studied, the significance would 
have been greater. The group of hypertensives 
with associated lesions has a probability of less 
than 0.001 which may be regarded as highly sig- 
nificant. Therefore one is assured that the dif- 


ferences found in the capillary sensitivity tests 
were real rather than coincidental. 

DISCUSSION 

It is not surprising to find that the functional 
responses of the smallest cutaneous blood vessels 
in various degrees of arterial hypertension, and 
in arteriosclerosis, are not different from those in 
normal skin. This is entirely consonant with the 
viewpoints of others on the dynamics of the cir- 
culation in arterial hypertension (1 to 7). The 
clinical observ'ation that the skin of hypertensive 
patients shows no signs of atrophy, and presents 
variations of coloring and texture no different 
from the skin of normals in the same age range, 
further substantiates these findings. The obser- 
vation that the capillaries in the nail fold of 
arteriosclerotics are often “moth eaten’’ (21), as 
seen by use of the capillary microscope, in no way 
vitiates the conclusion that the small blood vessels 
of the skin in these patients are not impaired in 
their functional capacity to respond to mechanical 
stimulation and to ischemia. There are, no doubt, 
morphological changes in the smallest vessels with 
advancing vascular disease, but this does not nec- 
essarily imply that their functional reserve to 
respond to local injury is exceeded (14). 

The disclosure of distinctly decreased irritabil- 
ity and impairment of the capacity to respond to 
local ischemia of the small dermal vessels in the 
malignant phase of hypertension deserves further 
consideration. It may be advanced that the ex- 
treme narrowing of the arterioles in this condition 
results in actual obliteration of the vessels be- 
yond, and that this, in reality, causes the appear- 
ance of lessened irritability. 

There are reasons why this view is not tenable. 
First, if there is complete obliteration of the capil- 
laries in a certain area, complete disappearance of 
the tissue supplied by these vessels must result, 
for cellular life is dependent on capillary blood 
exchange (21). Such is not observed to be the 
case in the skin of patients with the malignant 
syndrome of h3'pertension, however. Second, it 
has been showm on a large group of patients, with 
erfreme degrees of organic obliterative vascular 
disease not complicated by hypertension, that the 
sm^ dermal vessels do not lose, in any w’ay, their 
ability to respond by reactive hj'peremia to local 



682 


JOSEPH R. DIPALMA AND FRANCES I. FOSTER 


ischemia (14). Third, a patient has been ob- 
served who, despite an advanced stage of hyper- 
tension, had unusually sensitive small cutaneous 
blood vessels (case M. S., Table II). 

Another probable supposition is that the agent 
which causes constriction of arterioles in the 
malignant phases of hypertension extends its in- 
fluence to the smaller vessels beyond. A finding 
which lends some support to this viewpoint is the 
recent observation of Wilkins and Duncan (9) 
that angiotonin, injected intracutaneously, causes 
local blanching, although it is not as marked as 
that caused by a similar injection of epinephrine. 
In this regard, we have not only been able to 
confirm this finding, but to extend it to our studies. 
By iontophoresis of a small amount of epinephrine 
into the skin of a normal subject, it is possible to 
change the responses of the small dermal vessels, 
as measured in this paper, so as to resemble 
closely those obtained in the malignant phase of 
hypertension. That is, the capillary sensitivity 
decreases greatly and the response to local ischemia 
is abolished. An attempt was made to duplicate 
this result with angiotonin, with only partial suc- 
cess. This was due to the difficulty of introducing 
angiotonin into the skin by iontophoresis.® 

Volhard’s clinical separation of hypertensive pa- 
tients into those with red and those with pale skin 
may have more merit to it than it has been com- 
monly accorded (22). His conception, however, 
that the color of the skin is mainly dependent 
upon the caliber of the arterioles is erroneous, as 
has been properly pointed out by Fishberg (7). 
On the other hand, his impression that in the later 
stages of hypertension there appears in the blood 
stream a vaso-pressor substance which causes uni- 
versal vaso-constriction finds some support in our 
studies. Thus, in the early stages of hypertension, 
the quantitated responses of the small vessels of 
the skin are no different from those in normal 
skin, whereas in the malignant phases of the 
disease they show a marked decrease in sensi- 
tivity, indicating an increased tone. Since it is 
the smaller blood vessels of the skin which de- 
termine its color (16), it may be seen that the 
increases in the tone of these vessels may result 
in the pale skin of the late phases of hypertension, 

cUnpuWisbed observations. Angiotonin was gener- 
ously supplied to us by Dr. Irvine H. Page of the Lilly 
Ivledical Research Laboratories. 


observed by Volhard. Just what relationship the 
degree of renal damage, held to be responsible for 
these changes by Volhard, has to the responses 
of the small dermal vessels remains to be ascer- 
tained. 

These findings of abnormal small cutaneous 
vessel responses in the extreme stages of hyper- 
tension, if confirmed and extended, might supply 
a reliable criterion of the extent of the vascular 
lesion in this condition. It might contribute to 
the answer of the problem of just when an appar- 
ently benign hypertension is converted to a malig- 
nant phase. The rapidly fatal course of this dis- 
ease may, in itself, result from eventual involve- 
ment of the smallest blood vessels, with all that 
implies. 

SUMMARY AND CONCLUSIONS 

The responses to graded mechanical stimula- 
tion, and to local ischemia of the smallest blood 
vessels of the skin of the ventral surface of the 
forearm, were quantitated in fifty patients with 
arterial hypertension, twenty-five patients with 
arterial hypertension associated with arteriosclero- 
sis, and twenty-three patients with arteriosclerosis. 
Also included in this study were eleven cases of 
malignant hypertension, and thirteen cases of hy- 
pertension associated with various types of nerve 
lesions, which influenced their capillary sensitivity. 
These results were compared to similar studies on 
a suitable control group of thirty-two subjects. 
The implications of the abnormal responses ob- 
tained were discussed. The following conclusions 
were reached. 

1. In the group with arterial hypertension, it 
was demonstrated that the responses of the small 
dermal vessels, as quantitated in this study, are 
in no way significantly different from those of a 
comparable normal group. 

2. No relationship was found between the se- 
verity of the hypertensive process, excluding the 
malignant phase, and the functional responses of 
the small cutaneous vessels. Many cases of very 
severe hypertension, with diastolic blood pres- 
sures of over 130 mm. of Hg, were studied, and 
showed normal capillary responses. 

3. The conclusions for the purely hypertensive 
group apply as well to those patients with hyper- 
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tension associated with arteriosclerosis, and with 
uncomplicated arteriosclerosis. 

4. Of eleven patients witli the malignant syn- 
drome of hj'pertension, ten had small blood vessel 
responses which indicated greatly decreased sensi- 
tivity. This was especially evidenced, in five of 
these patients, by a complete inability of the small 
dennal vessels to respond by reactive hyperemia 
to local ischemia. ' 

5. Thirteen patients with hj-pertension compli- 
cated by a ner\’e lesion, ranging from a cerebral 
vascular accident to Parkinson’s disease, were 
found to have small cutaneous vessels as much as 
eighteen times more sensitive than the normal or 
hypertensive groups. Very irritable, small, dermal 
blood vessels may therefore exist even in the 
presence of arterial hypertension. 

6. The above conclusions suggest that the hu- 
moral agent now believed responsible for arterial 
hypertension does not exert its influence upon the 
smallest blood vessels in the benign stages of the 
disease but may do so in the later malignant 
phase. If this is confirmed, the quantitative re- 
sponses of the small dennal blood vessels might 
serve as a criterion of the extent of the vascular 
lesions in advancing hypertensive disease. 
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The interpretation of the observations on the 
clearances of inulin and diodrast, as measures of 
rate of glomerular filtration and of renal plasma 
flow, has been handicapped by lack of quantita- 
tive criteria of changes in afferent and efferent 
renal arteriolar resistance. Most of the quali- 
tative criteria suffer because they do not take 
account of simultaneous changes in blood pres- 
sure, and because they over-simplify by ascribing 
the effect either to the afferent or the efferent 
arterioles alone. Where so many factors are 
interrelated, as in the components determining 
renal arteriolar resistance, mathematical rela- 
tionships are necessary. We have previously 
offered formulas for renal arteriolar resistance 
(L 2), They have here been applied to data on 
renal function in dogs, and also in man, pub- 
lished by Corcoran and Page el al. (3 to 7), whom 
we wish to thank for their kindness in putting 
at our disposal supplemental and 'unreported 
observations.! We are also grateful to Mr. J ulius 
tein for his painstaking aid in computation. 


method 

"Hie formulas for afferent and efferent renal arteriolar 
resistance are respectively; 

P-A — 

HD ’ 

Pj. - - 0-‘i7F)(Po' ~Po + 10) 

HD ’ 


Po' 




1 — 0.05425' — F' 


■which are hematocrit v. 

'^t) = R. , fuh in the form of l/(l-her 

!he tables indicated as sw 

We are assured bv calculation are supj 

conditions of the ^ nuthors that the technique 

already' reported ^ * 

ported, u-,th which they are included. 


Here Psr is the mean of systolic and diastolic blood 
pressure; Po is the osmotic pressure of the systemic blood 
(F = 0), ^vhiIe Po' is the osmotic pressure of the blood 
after a fraction, F, of the plasma has been filtered off in the 
glomerulus. These pressures are measured in millimeters 
of mercury. D is the diodrast clearance or effective renal 
plasma flow in cc. per minute per individual, or per unit 
surface area. No allowance is made for discrepancy be- 
tween D and effective plasma flow. I is the inulin clear- 
ance in the same units as D. F = J/D. S is the concen- 
tration of serum protein in grams per 100 cc. No correc- 
tion (or A : G ratios differing from our standard of 2.20 
has been applied, but means for such adjustment are avail- 
able where the ratios are known (2), H is the reciprocal 
of 1-hematocrit, expressed as a fraction of 1, and HD is 
therefore effective renal blood flow. Since Corcoran and 
Page in their animal experiments found the rate of renal 
blood flow in the exteriorized kidney by the Pick principle, 
analyzing arterial and renal venous blood directly for both 
phenol red and inulin, we use the average of their plasma 
flow values derived from these two substances for our D. 
Pa, glomerular intra-capillary pressure, is given by the 
approximation, Po' -F 20 (1). 

The sum of arteriolar resistance is F = Fa + Fa. Being 
resistances, each of these symbols is properly expressed in 
terms of the units of the formulas: millimeters of mercury 
per cc. individual's own blood per minute per individual, 
or per unit surface area. In all cases, except those with 
toxemia of pregnancy, the resistance is referred to the 
individual’s own blood as standard perfusing medium, so 
that the resistance values for one individual are not quite 
comparable with those of another. 

In many of the experiments reported, there is more than 
one control or experimental period. Strictly speaking, the 
resistance of the afferent and efferent arterioles for each 
observation should be calculated separately, and averaging 
of the whole set of final resistances should be done. How- 
ever, in a trial series, we studied this method as compared 
to averaging the indi'vidual quantities from which a single 
resistance is drawn and found no statistically significant 
difference. Consequently, we have adopted this simpler 
method of computation, except in a few instances where 
wide variability within the periods to be averaged sug- 
gested individual calculations. For the sake of complete- 
ness, we restate the results of Corcoran and Page for blood 
pressure, renal blood flow, and glomerular filtration rate; 
the values for glomerular intra-capillary pressure and for 
arteriolar resistance and its related quantities are original. 
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The precision of measurement of renal arteriolar resist- 
ance is touched on elsewhere (1,2). It is, of course, clear 
that results drawn from a formula depend on the accuracy 
of the data applied. The measurements of clearance are 
subject to an error estimated at about 10 per cent. In 
evaluating results, the quality and mass of the data must 
be considered. We shall not report conclusive changes in 
numerical quantities, since here this does not seem war- 
ranted. However, while it may be incorrect to say, for 
example, that a 42 per cent increase in a particular quantity 
was noted, it may be statistically legitimate to report in 
such an instance simply that an increase occurred. 

RESULTS 

1. Effect of pitressin 

Eight experiments were performed on un- 
anesthetized dogs after the initial results of 
pitressin had worn off (3) . No consistent change 
in glomerular intra-capillary pressure occurred, 
nor do changes appear correlated to the degree 
of blood pressure shift, which is mainly that of 
slight, usually inconsequential, increase. Total 
renal arteriolar resistance, while it changed con- 
siderably, was not consistent in direction. There 
is also no consistent change in the ratio of afferent 
to efferent arteriolar resistance ; half of the cases 
showed an increase and the other half a decrease. 
The suggestion that constriction of the efferent 
arterioles occurs during periods of reduced renal 
blood flow is not supported by the calculations. 
No particular anatomical site of action or func- 
tional effect of pitressin is revealed (Table I). 

2. Effect of atropine after pitressin 

While the addition of intravenous atropine to 
pitressin, as previously reported (3), did not con- 
sistently affect renal blood flow, blood pressure 
was markedly elevated, and glomerular filtration 
rate was increased. Despite the marked blood 
pressure increase, glomerular capillary pressure 
rose considerabiy in only 2 of the 5 cases, out 
of a total of 7, inl^which an increase was recorded, 
and in these 2 cafees the blood pressure shift was 
minor. Statistical analysis reveals that the in- 
crease is not significant (23 per cent likelihood 
of chance alone being responsible). In all cases, 
total arteriolar resistance rose, with afferent 
arteriolar constricnon predominating in all but 
1 case. In fact, the efferent arterioles dilated 
in 4 of the 7 cases (Table I). 


3. Effect of renin 

Aside from the increase in blood pressure, and 
fall in renal blood flow (3), renin consistently 
increased renal arteriolar resistance but, while 
the increase was predominantly afferent 6 times, 
it was mainly efferent in origin 8 times. There 
was a fairly consistent rise in glomerular intra- 
capillary pressure, and an inconsistent tendency 
to fall in glomerular filtration rate (Table II). 

4. Effect of angiotonin in dogs 

We are indebted to Corcoran and Page for 
permitting the use of their published experiments 
with angiotonin (4), and for supplying data 
supplemental to these published reports. From 
them have been selected those cases in which 
calculation showed the glomerular intracapillajy 
pressure to be less than blood pressure. It is 
possible that our formula for glomerular intra- 
capillary pressure, which depends on the Adairs 
and Greaves’ observations on osmotic pressure of 
diluted serum (8), is incorrect at high degrees of 
hemoconcentration. There are technical diffi- 
culties, too, in the measurement of renal blood 
flow and inulin clearance during the rapid fluc- 
tuations produced by angiotonin. For these 
reasons, as well as the possibility that the for- 
mulas may not apply at very high degrees of 
vasoconstriction (2), the results for angiotonin 
are subject to doubt. Their similarity to those 
obtained with renin suggests, however, that they 
are probably not too unreliable for a first esti- 
mate of the effect on renal resistance of angio- 
tonin, particularly in view of the current interest 
in this drug and the, as yet, unsupported opinions 
of its mode of activity. 

Renal blood flow fell, blood pressure rose, and 
renal resistance increased markedly during angio- 
tonin infusion in the cases selected as noted. 
The increased resistance cannot here be ascribed 
primarily to afferent or efferent arteriolar con- 
striction. On the whole, glomerular intra-cap- 
illary pressure rose. Changes in glomerular 
filtration rate were not consistent (Table III)- 

5. Effect of angiotonin in wan 

Figure 1 shows the previously reported results 
of angiotonin infusion in a single human subject 
(5). The calculations of total arteriolar resist- 


* TAHLB I 

Effect of pitressin and pilressin with atropine in dofis 
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Anoiotonin in Human Bein&s 
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ance, R, and the afferent-to-efferent arteriolar 
ratio, RaIRe, are original. This case is of espe- 
cial interest, partly because man is the subject, 
partly because it illustrates the value of a quan- 
titative estimate of renal arteriolar resistance. 
Aside from the changes shown, which correspond 
to those in the dog, there was moderate increase 
in glomerular intra-capillary blood pressure. 
The rise in filtration fraction (FF) with the 
fall in blood flow (RBF) had been considered 
“the characteristic result of constriction of the 
glomerular efferent arterioles.” It is seen, how- 
ever, from RaIRe that afferent arteriolar re- 
sistance increased proportionately more than 
efferent arteriolar resistance (Figure 1). 

6. Ratio of afferent to efferent arteriolar resistance 
in human hypertension 

The data in Table IV are calculated from those 
reported in essential hypertension by Goldring 

TABLE IV 

A fferent-to-efferent arteriolar ratio in essential hypertension 


Mean 

blood pressure 

Afferent resistance 

mm. Hg. 

Efferent resistance 


124 

1.58 


122 

1.46 


158 

2.36 


156 

3.67 


152. 

2.56 


163 

2.76 


129 

1.65 


162 

2.88 


139 

2.72 


165 

3.06 


160 

3.53 


195 

5.61 


173 

2.46 


122 

2.48 


137 

2.58 


155 

3.85 


162 

2.66 

Average 

151 

2.82 

Normal o’ 
Normal 9 

ion 

1.13 

100 

1.05 


el al. (9). They are drawn from the first 17 
cases in their series, with mean blood pressure 
greater than 120 mm. Hg, averaging the sets of 
basal observations for each individual. In every 
case, the afferent-to-efferent arteriolar ratio is 


Fig. 1. Effect on Renal Function of Intravenous 
Angiotonin in Man 

Afferent arteriolar constriction exceeds efferent arteriolar 
constriction as shown by the increase in their ratio (RaIRe)- 
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greater than the normal one for men or women 
if the normal blood pressure is taken at 100 mm. 
Hg. A predominance of afferent arteriolar con- 
striction seems outstanding in essential hyper- 
tension. 

7. Renal function in late toxemia of pregnancy 

Corcoran and Page (7) found that “decreased 
filtration fraction, whatever the level of renal 
blood flow, is frequently associated with a severe 
course and with eclampsia.” Table V comprises 
this group with low filtration fraction where 
measurements of diodrast clearance (cc. per 1.73 
sq. m. per minute) were made. The serum 
protein was subnormal and variable in these 
cases so that a correction for the consequent 
changes in blood viscosity has been made as 
described elsewhere (2). 

Aside from the fall in renal blood flow along 
with decline in blood pressure, and the rise in 
filtration fraction and serum protein during re- 
covery, we are impressed wnth the apparently 
high initial degree of afferent arteriolar constric- 
tion. The afferent-to-efferent arteriolar ratio 
declined in all cases except the one (No. 8) which 
developed persistent hypertension (Table V). 


DISCUSSION 

It does not appear that the action of pitressin, 
renin, or angiotonin can, at present, be con- 
sidered confined either to afferent or efferent 
arterioles. Conclusions based on dialectic rea- 
soning are not adequate in deciding whether a 
given change in renal function is due to change 
predominantly in the afferent or efferent ar- 
terioles. Where so many factors are involved 
(blood pressure, blood flow, filtration fraction, 
hematocrit, osmotic pressure, viscosity), such 
reasoning can break down and a mathematical 
method for revealing related manifestations be- 
comes essential. 

Perhaps the most outstanding application of 
formulas for renal arteriolar resistance is to the 
question of the relative importance of efferent 
arteriolar constriction in human hypertension. 
Since renal blood flow is only slightly reduced 
while filtration fraction is slightly increased in 
hypertension (9, 10), an examination of the 
formula for Re shows that slight increase in 
efferent arteriolar resistance should be expected 
in the hypertensive The blood pressure (Pjr) 
does not even enter into the formula for Re, but 
it appears so prominently in the one for i?k, that 


TABLE V 

LaU toxemia of pregnancy 


Case. 

Days 

Glomerular 

Blood flow 
ED 

Filtra- 

Blood 

Glomer- 

ular 

Serum 

Relative 

Afferent 

Efferent 

To^ 


mild or 
Eevere 

ante- 
or post- 
partum 

filtration 

rate 

tion 

fraction 

F=//D 

pres- 

sure 

Pm 

intra- 

capUlary 

pressure 

Pg 

tein 

S 

vis- 

cosity 

V 

hydraulic 

resistance 

Rn 

hydraulic 

resistance 

iZ. 

hydraulic 

resistance 

Rr 

1 



cc. i>cr 

cc. per 


mm. 


grams 

referred 

mm. Eg per liter per 1.73 




1.7S square 

1.7S square 

per cent 

mm. Eg 

per 

to voter 

square meters per minute 




meters per 

meters per 


100 cc. 

as unity 

referred to voter 


IS 


minute 

minute 









20A 

82 

1050 

12.5 

155 

44.2 

5.8 

3.28 

26.3 

3.93 

30.2 

6.71 


6P 

105 

907 

20.0 

135 

47.9 

5.8 

3.54 

20.9 

5.11 

26.0 

4.08 


72P 

92 

675 

23.0 

120 

72.6 

7.8 

4.24 

9.57 

9.64 

19.2 

0.99 

4S 

18A 

81 

1065 

12.1 

145 

35.6 

4.3 

3.82 

22.0 

2.88 

24.9 

7.64 


SP 

93 

705 

22.5 

125 

38.6 

4.3 

2.88 

32.8 

6.8 

39.6 

4.81 


109P 

130 

850 

23.8 

108 

82.2 

8.3 

4.13 

1.65 

9.34 

11.0 

0.176 

6S 

3P 

68 

1075 

10.5 

130 

45.3 


3.53 

17.1 

3.51 

20.6 

4.85 


16P 

62 

436 

23.0 

100 

62.0 

7.0 

3.75 

Il.O 

14.0 

25.0 

n 

(2 mos. 
preg.) 

37P 

79 

595 

22.0 

98 

61.0 

7.0 

3.80 

75.2 

9.76 

85.0 

0.771 

0.573 

114P 

104 

985 

17.0 

87 

56.4 

7.0 

3.87 

2.77 

4.84 

7.6 

8M 

6P 

92 

1105 

14.3 

160 

45.0 

5.8 

4.50 

24.6 

3.66 

28.3 

6.72 

2.44 

3.95 

(HBP) 

16P 

90 

744 

19.8 

105 

46.3 


3.28 

15.9 

6,50 

22.4 

64P 

98 

765 

22.0 

128 

45.2 


3.29 

25.0 

6.33 

31.3 

12 S 

3A 

103 

1048 

15.8 

125 

49.5 


3.50 

15.2 

4.32 

10 5 

3.SI 


12P 

99 

805 

19.2 

103 

51.6 

6.3 

3.40 

11.5 

6.38 

17.9 

13.0 


112P 

119 

776 

24.9 

101 

68.1 

7.3 

3.90 

4.28 

8.68 

1.80 

0.493 
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fractional changes in Pm produce proportionately 
larger changes in Ra, the afferent arteriolar re- 
sistance."* Therefore, in hypertension, we should 
expect that RaIRe would be greater than norrrial 
(about 1.1) with afferent arteriolar constriction 
predominating. All the essential hypertensives 
here reported had high Ra/Re, and so did the 
hypertensives who suffered from late toxemia of 
pregnancy, even when we restrict ourselves to 
the post-partum observations with normal rather 
than low filtration fractions. Further confirma- 
tion of this view of the importance of the afferent 
arterioles during blood pressure change in main- 
taining renal homeostasis is given by the data on 
Ra/Re in the fall of blood pressure found in 
spinal anesthesia in man (1). There Ra/Re 
dropped with fall in blood pressure, indicating 
that the afferent arterioles had dilated, with 
decreasing pressure, more than the efferent ar- 
terioles, in order to sustain glomerular intra- 
capillary pressure. Another example of the close 
connection between afferent arteriolar resistance 
and blood pressure is the series with atropine 
after pitressin. There, afferent constriction ac- 
companied the rise in blood pressure which very 
likely -was uncomplicated by any direct atropine 
effect on the kidney. Furthermore, in the anes- 
thetized dog, it has been shown that kidney 
blood flow varies much less than blood flow in 
the hind limb when blood pressure is varied 
reflexly over a wide range (11, 12). 

These divergent causes of abnormal blood 
pressure, with compensation by the afferent 
arterioles so as to maintain some measure of 
renal homeostasis, suggest that, if blood pressure 
rise were prevented during the infusion of renin 
and angiotonin, and if the purely physical effect 
of the elevation in pressure (as opposed to its 
■ pharmacological cause) in hypertension and 
toxemia could be abolished, we might discover 
a considerable measure of specificity in the site 
of action of the drugs and the disease agents. 

The low filtration fraction in the severer cases 
' of late toxemia of pregnancy is an interesting 


* Blood flow rate appears in the denominator of both Ra 
and Re which leaves their ratio unaffected. An increase in 
filtration fraction will increase Po', which will by itself tend 
to increase Re and decrease Ra, but to a much lesser extent 
than the opposing influence of the large increase in Pu in 
hypertension. 


finding. An examination of all the data (7) 
indicates that the cause is sometimes, in whole 
or in part, increased renal blood flow and some- 
times, in whole or in part, the cause is a reduced 
rate of glomerular filtration. A low glomerular 
intra-capillary pressure can explain these various 
combinations of causes. In view of the high 
blood pressure, it is clear (both theoretically, 
from the formulas, and from Ra/Re in Table V) 
that considerable afferent arteriolar constriction 
would be required. 

Other possible explanations must also be ex- 
plored. While they are not mutually exclusive, 
it is simpler to deal with them as though they 
were, remembering meanwhile that combinations 
are possible. 

A simple explanation would be that inulin 
clearance ceases to be a measure of filtration 
rate in these toxemia cases (13, 14). If the glo- 
merular membrane were affected (swelling?) so 
that inulin did not diffuse through as completely 
as water, its clearance would be less than the 
glomerular clearance of water. True filtration 
fraction would therefore be greater than our 
recorded one. The argument for the identity of 
inulin clearance and filtration rate rests, in part, 
on the equality of the clearance rates of certain 
hexitols with that of inulin (15). Wellen, Welsh, 
and Taylor, Jr. (14) have compared the simul- 
taneous clearance of inulin with that of mannito 
and sorbitol, of lower molecular weight, in 5 pre- 
eclamptic subjects and found them identical. 
Though diffusion of all the 3 sugars may be 
equally retarded by the diseased glomeruli, as 
compared to water, it does not seem especially 
likely in view of their differing molecular weights. 

Let us now consider the possibility that harm 
to the glomerular membrane interferes with the 
establishment of osmotic equilibrium between 
glomerular filtrate and the blood leaving t e 
glomerular capillaries (13). This is the same as 
saying that the diffusion of water through t e 
glomerular capillaries is not completed, so ar 
as osmotic equilibrium is concerned, before t e 
blood leaves Bowman’s capsule. Our formu a 
assumes that such equilibrium exists. If it is 
not achieved, glomerular intra-capillary pressure 
is higher than we have supposed, and ourafferent- 
to-efferent ratio is larger than it should be. 
this possibility were in truth the case, we shou 
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expect a differential diffusion rate, not only be- 
tween the slowed down \%'ater and the heavier 
inulin, but betAveen inulin and the lighter sugars, 
which we have seen is not so. 

While such an argument is not conclusive, it 
is at least presumptive that inulin clearance is a 
correct measure of filtration rate and that os- 
motic equilibrium is achieved in the glomerulus 
in toxemia of pregnancy. 

Another workable hypothesis is that certain 
glomeruli, among many fairly normal ones, were 
completely impermeable to all the sugars, while 
permitting smaller molecules and water to pass. 
In this case, inulin clearance for the kidney as a 
whole would be less than actual glomerular filtra- 
tion rate. If the transition stage from free 
passage of water plus all the sugars to water 
alone were rapid, very few glomeruli would be 
in the condition of differential filtration of sugars 
when clearances are measured clinically, so that 
the precision of measurement of clearance re- 
quired to detect these few transitional glomeruli 
would be unobtainable. 

This last suggestion emphasizes the peculiar 
significance of the formulas. They are not 
measuring the resistance of any particular arteri- 
ole. They are really measuring the resistance 
of the arterioles supplying an ideal functional 
nephron, which replaces the average of the 
millions of nephrons of the kidney. Where 
there is wide discrepancy bet\veen the function 
of the many nephrons in the kidney, as in a 
diseased state, the vagaries which may attend 
the usual meaning of inulin and diodrast clear- 
ances (13) are accentuated, and the broad inte- 
grating effect of the formulas requires evaluation. 

Corcoran and Page (7), in considering the 
problem of the low filtration fraction in toxemia, 
wnte; “The decrease of filtration of water from 
plasma in these cases was due either to hemo- 
dynamic intrarenal changes resulting in de- 
creased intraglomerular pressure ... or to in- 
creased resistance of the filtering surface.” They 
conclude, however, that their first alternative is 
untenable when renal blood flow is normal or 
subnormal and that only efferent arteriolar dila- 
^tion, and not afferent arteriolar constriction, 
IS a possibility with increased renal flow. Con- 
sequently, preferring a single explanation as the 
more likely, and citing histological findings, and 


not having the then unpublished evidence of the 
equal clearance of the. hexitols, they argue in 
favor of a swelling of the glomerular membrane, 
whereby the passage of filtrate is impeded. 

Dill el al. (16) decide against the notion of 
decreased glomerular membrane permeability, 
perhaps because of the albumin in the urine of 
the pre-eel amptic. It seems, however, quite 
possible for a membrane to have reduced per- 
meability except for rare holes through which 
samples of all of the fluid, held back elsewhere, 
would pour. A clogged filter paper with a single 
pin-hole would be such an example. 

As has been seen (Table V and also above), 
we feel it is quite possible for hemodynamic 
changes alone, exclusive of a pathological glo- 
merular membrane, to explain the low filtration 
fraction in toxemia of pregnancy. The various 
ways in which the pathological glomerulus can 
interfere w'ith the methods used have been dis- 
cussed. Of them, the most appealing is the one 
which postulates some glomeruli, functional so 
far as w'ater is concerned, but impermeable to 
all the hexitols. Can the idea of homeostasis as 
applied to the kidney help in distinguishing the 
most likely of the available alternatives? 

In general, it appears that the kidney, like 
other organs in the body, acts in accordance with 
the principle of homeostasis. Its reaction to 
change in blood pressure has already been dis- 
cussed. Especially does glomerular filtration 
rate tend to remain constant (17). Blood flow, 
also, seems to be more constant than in other 
organs (11, 12). When a system in stable equi- 
librium is disturbed, a new equilibrium is reached, 
near the first, in a direction such as to annul as 
far as possible, but not completely, that dis- 
turbance.® This is really the biological analogue 
of the principle of mobile equilibrium of Le 
Chatelier (18). If the reduction in filtration 
fraction in toxemia of pregnancy minimizes, so 
far as renal homeostasis is concerned, the effects 
of increased blood pressure or reduced serum 
protein found in this disease, we should be more • 
inclined to discount a specific renal effect in 
toxemia of pregnancy with low filtration fraction, 
whether on the permeability of the glomerular 
membrane or on the afferent arterioles. The 

‘ For example, add added to a buffered solution shifts 
the hydrogen ion concentration slightly to the add 'side. 
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observations would be explicable as a secondary 
renal response to physical changes in the blood — 
its increased arterial pressure and decreased pro- 
tein content. 

If we first consider increased blood pressure 
alone, we see from the formulas that, if the 
arterioles stay fixed, blood flow will be con- 
siderably increased. Furthermore, glomerular 
intra-capillary pressure will rise, which means 
that filtration fraction must have risen, accord- 
ing to the formula. Consequently, if homeo- 
stasis is the principle controlling the kidney 
during increase in blood pressure, we should 
expect the arterioles of the kidney to change 
their lumen so as to prevent a large increase in 
filtration fraction, but a slight rise is to be antici- 
pated. This is the opposite of what we actually 
find in toxemia of pregnancy. 

If serum protein falls while blood pressure and 
the arterioles are fixed, blood osmotic pressure 
falls so that a larger fraction of plasma than 
usual will be filtered before osmotic equilibrium 
is reached between glomerular filtrate and glo- 
merular intra-capillary blood. That is to say, 
the filtration fraction (F) will rise. Equilibrium, 
then, if homeostasis is to occur in the face of 
hypoproteinemia, should also" entail an increased 
filtration fraction.® 

Thus, both the hypertension and the low blood 
protein in severe toxemia of pregnancy should 
lead to high rather than low filtration fraction, 
unless there is a specific renal effect of the 
toxemia. Since low rather than high filtration 
fraction has been found, we consider that a 
specific effect on the kidney is likely in toxemia 
of pregnancy, but we are not able to resolve the 
dilemma between a vascular cause — primarily 
afferent arteriolar constriction — and impairment 
of the glomerular membrane. It is not unlikely 
that both effects exist together.^ 

SUMMARY 

Formulas for renal afferent and efferent ar- 
• teriolar resistance have been applied to data in 

« The isolated kidney of the dog illustrates this, if it is 
comparable to the human kidney (19). 

^ The increase in renal blood flow in the severe cases may 
well be, in part, a homeostatic mechanism to preserve 
adequate glomerular filtration rate in the face of a sluggish 
capillarj' filter. 


the literature. It appears that dialectic reason- 
ing concerning the predominance of afferent or 
efferent arteriolar constriction frequently leads 
to incorrect conclusions. Renal homeostasis and 
the importance of the afferent arterioles in pro- 
tecting the kidney from blood pressure changes 
are discussed. The implications of the low fil- 
tration fraction observed in late toxemia of 
pregnancy are weighed. 

CONCLUSIONS 

1. Pitressin caused no consistent change in glo- 
merular intra-capillary pressure, total effective 
renal arteriolar resistance, or in the afferent-to- 
efferent arteriolar resistance ratio in unanesthe- 
tized dogs. 

2. Atropine added to pitressin increased total 
effective arteriolar renal resistance, with afferent 
arteriolar constriction predominating, in unanes- 
thetized dogs, 

3. Renin infused into unanesthetized dogs 
increased glomerular intra-capillary pressure and 
total arteriolar resistance with neither afferent 
nor efferent constriction predominating con- 
sistently, 

’4. Angiotonin acted rather similarly to renin, 
but conclusions concerning it are subject to some 
doubt. 

5. In one test on a human subject, angiotonin 
caused constriction of both sets of arterioles with 
afferent constriction predominating. 

6. Afferent arteriolar constriction outweighed 
efferent constriction more than is normal in all 
of the 17 cases of essential hypertension studied. 

7. It is likely that the resistance of the afferent 
arterioles varies with blood pressure changes so 
as to preserve renal function. 

8. A specific renal effect is the probable cause 
of the low filtration fraction seen in late severe 
toxemia of pregnancy. There is inadequate evi- 
dence to decide how much of this effect is 
primarily constriction of the efferent arterioles 
and how much, if any, is change in the permea- 
bility of the glomerular membrane to water 
and/or inulin and other sugars. 
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The present studies were undertaken because it 
t\-as believed that direct measurements of capillary 
blood pressure in normal and hypertensive sub- 
jects might jdeld information concerning the na- 
ture of the peripheral resistance to blood flow in 
patients with hypertension. In man, only the 
capillaries of the digital nail-folds have been read- 
ily accessible for direct measurement of capillary 
blood pressure; but, digital circulation is very la- 
bile and readily affected by numerous influences 
(1> 2). Therefore, before proceeding to compari- 
sons of digital capillary blood pressure in different 
individuals, it seemed necessary to know the ex- 
tent to which such pressures are altered by those 
physiologic influences known to affect the digital 
arculation. This communication deals with the 
effects of one of these influences, namely, digital 

vasoconstriction. 

METHODS 

The methods vvill be considered under bvo head- 
ings: (I) General and (2) Particular. The geti- 
^tral methods were employed vmiformly in all of 
these studies of capillary blood pressure. The 
niethods designated particular pertain only to the 
experiments of this publication. 

General 

micro-injection method (Landis) (3), niodi- 
as previously described (4), was used to measure the 
r^w**^*^ pressure in single capillaries in the nail 

0 s of the fingers. The glass micropipette and the 
Mnnecting manometer system were filled either with 
lager’s solution or with 0.85 per cent sodium chloride 
soution, each containing heparin (3 mgm. per 100 cc.), 
and adjusted to a final pH beUveen 7J and 7.4. Bubbles 
eliminated. The micropipette (orifice 6/^ 
° ^ diameter) was inserted into the capillary in 

a manner that the blood flow within the capillary 
. visibly altered. When alteration of capillao' 

o ow occurred and persisted, observations were dis- 
on mued. Only measurements obtained while the blood 

Supported by a grant from The Commonwealth Fimd 
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flow in the capillary remained visibly normal were re- 
corded as capillary blood pressures. The pressure read- 
ing was made when equilibrium had been established be- 
tween the pressure within the capillary and that within 
the micropipette. Equilibrium was indicated by the pulsa- 
tile oscillation of erythrocytes in the extreme tip of the 
micropipette but without progressive movement either into 
or out of the micropipette. A free communication’ be- 
tween the lumina of micropipette and capillary was in- 
sured at all times, by repeatedly testing the rapidity with 
which the erythrocytes moved into or out of the tip of 
the micropipette when the pressure within the micro- 
pipette was altered from the equilibrium level by not 
more than 1 to 2 mm. Hg. 

Approximately 1 hour before measurements of capil- 
lary blood pressure were begun, the most superficial, non- 
living, layer of the epidermis covering the nail fold was 
cut away with a keen razor blade. If viable tissue was 
cut and bleeding ensued, observations were not made on 
that nail fold. 

All subjects lay supine, with the head elevated 10“ to 
15°. The nail fold was placed at a level approximating 
that of the right auricle, i.e., 3 to 6 cm. posterior to the 
angle of Louis. In no subject was there an increase in 
systemic venous pressure, as judged by distension of the 
superficial veins. Except when purposely altered, the 
observations were made in a warm room (23° C. to 28° 
C.) . The temperature of the body was measured usually 
by a mouth-thermometer, occasionally by an indwelling 
rectal thermocouple. Digital skin temperature was de- 
termined at frequent intervals .by means of copper- 
constantan thermocuples, constantly in contact with tlie 
pads of the digits. The digital skin temperature was not 
uniform in all subjects, but throughout a single experi- 
ment it remained fairly constant. In most observations, 
it was between 30° C. and 33° C., a state hereafter 
referred to as moderate digital vasodilatation. 

Brachial arterial pressure was determined by the usual 
auscultatory method (mercury manometer) at the be- 
ginning and end of each experiment, and often more 
frequently. These measurements were made in the^ ex- 
tremity in which capillary blood pressure was determined. 
After each measurement of arterial pressure, sufneient 
time was allowed for recovery from reactive hyperemia 
before capillary blood pressure determmations were re- 
sumed. For the sake of convenience, "mean arterial 
pressure was assumed to be one-half of the sum of the 
systolic and diastolic pressures. 

Reflex vasodilatation was produced by warming the 
body of the subject until sweating was profuse and the 
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temperature of the exposed digits reached 33® C. to 35° 
C. In tliese experiments, the temperature of the room 
was maintained at about 20° C. 

When histamine was employed to produce local vaso- 
dilatation, histamine acid phosphate (diluted 1 ; 100 with 
0.85 per cent salt solution) was pricked into the dorsum 
of the finger in three sites, each 0.5 cm. proximal to the 
nail-fold. Capillary blood pressure was measured when 
the resulting local erythema was pronounced, usually 5 
to 12 minutes (and never later than 24 minutes) after 
pricking in the histamine. 

Reactive hyperemia of the digit was produced by re- 
leasing the digital circulation after it had been completely 
arrested for either 5 or 10 minutes. The circulatory 
arrest was obtained by inflating, to pressures well above 
the systolic arterial pressure, a pneumatic cuff, encircling 
either the forearm or the base of the digit. The capillary 
blood pressure was determined as quickly as possible 
after the release of the circulation; within 30 to 40 
seconds after a 5 minute period of ischemia; within 60 
seconds ■ after a 10 minute period of ischemia. 

Interruption of the sympathetic innervation of the digits 
was accomplished either (a) temporarily, by the injec- 
tion of 2 per cent procaine into the region of the stellate 
and upper thoracic sympathetic ganglia, or (b) perma- 
nently, by preganglionic sympathectomy of the upper 
extremity by the method of Smithwick (5, 6). The 
adequacy of the sympathetic denervations was confirmed 
by the absence of vasoconstrictions of the neurogenic 
type in response to stimuli which induced vasoconstric- 
tions in a normally innervated digit of the same subject. 
At least 7 to 10 days elapsed between operative sympa- 
thectomy and determination of capillary blood pressure 
in the sympathectomized digits. 

Particular 

The determinations of capillary blood pressure before, 
during, and after vasoconstriction were made while the 
micropipette was constantly in the same location in a 
given capillary. One pbserver continously adjusted the 
pressure in the micropipette, keeping it always in equi- 
librium with the pressure in the capillary. Whenever 
equilibrium points were established (5 to 15 second in- 
tervals), this observer signaled an assistant, who read 
the pressure in the manometer system connected with the 
micropipette. During such a series of readings, a third 
observer administered vasoconstrictor stimuli. Often, the 
nature of the stimulus and the time of its application 
were unknown to the observer adjusting the pressure in 
the micropipette. 

Vasoconstrictions in the digits, i.e., reductions in digital 
volume (and presumably in blood flow), were induced by 
the following stimuli ; touching the skin of a remote area 
(e.g., face, shoulder, or le^ with ice, or pricking it 
with a sharp object, having* the subject take a deep 
breath, or solve mentally a problem in arithmetic. Vaso- 
constrictions caused by such \stimuH are known to be 
mediated over sympathetic nervous pathways (7), and 
are here termed neurogenic. \ Digital vasoconstrictions 


were also induced by the intravenous injection of epi- 
nephrin hydrochloride in doses of 1 to 2.5 gamma (O.I to 
0.25 cc. of a 1 : 100,000 solution) . 

Changes in digital volume during vasoconstrictions 
were recorded optically by the plethysmographic method 
of Bolton, Carmichael, and Sturup (8) . Plethysmographs 
were applied usually to 2 digits: (i) a finger, usually the 
thumb, of the hand in which capillary blood pressure was 
being determined; (2) that finger of the opposite hand, 
corresponding to the one serving for measurements of 
capillary blood pressure. Occasionally, the great toe of 
one foot was substituted for one of the fingers. 

Most of the subjects were young adults. One 
group comprised normal and hypertensive sub- 
jects whose capillaries were of normal size. With 
normal capillaries, it was technically difficult to 
record continuously the capillary blood pressure 
for sufficiently long periods of time. Many addi- 
tional obsen'ations were, therefore, made in a 
group of patients having Raynaud’s disease or 
scleroderma. Their abnormally large capillaries 
presented fewer technical difficulties. Only in the 
latter subjects was capillary blood pressure corre- 
lated with simultaneous graphic recording of digi- 
tal vasoconstrictions. 

RESULTS 

A. Subjects with capillaries of normal size • 

In 3 normal and 4 hypertensive subjects, the 
capillary blood pressure was determined before 
and during stimuli known to induce neurogenic 
vasoconstrictions (Table I). After the adminis- 
tration of each stimulus, there occurred a tempo- 
rary fall in the capillary blood pressure, followed 
by a return to the initial level. At times, the 
capillary blood pressure measured 5 to 10 seconds 
after the application of the stimulus was not al- 
tered from the initial level ; but the second reading, 
10 to 15 seconds after the stimulus, was invariably 
lowered. The duration (10 to 55 seconds) and 
magnitude (2 to 10 mm. Hg, 5 to 33 per cent) of 
these falls in capillary blood pressure were ap- 
proximately equal in both normal and hyperten- 
sive subjects (Table I). 

In 2 subjects, one normal, the other hyperten- 
sive, the observations were made during reflex 
vasodilatation. In each subject, decreases in capil- 
lary blood pressure followed the administration of 
the stimulus ; in fact, the greatest falls (8 mm. Hg 
and 10 mm. Hg) occurred in these subjects (Ta- 
ble I). 
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TABLE I 

Change in capillary blood pressure following “neurogenic” vasoconslriclor stimuli. Normal sized capillaries. 

Intact innervation 



1 



[ Capillary blood pressure 

Dura- 

j 




Skin 

Location in 


1 

change 
in cap- 
illary 
blood 
pres- 
sure 



Subject 
(Sex. age) 

Arterial 

pressure 

tem- 
pera- 1 
ture j 

capiliary vrherc 
pressure was 
measured 

Initial 

i 

Maximum I 

cf^nge due to 
stimulus 

Stimulus 

Remarks 


NORMAL SOBJECTS 


C.J. 
(F, 38) 

nn. Be 

148/94 

148/94 

148/94 

“C. 

31.6 

31.6 

31.6 

Venous limb 
Venous limb 
Venous limb 


v.m, Bg 

-3.5 

-3.0 

-2.5 

Per cent 

. ’if. , 

tnttuu 

-17.1 

-13.6 

-12.2 

secorjix 

15 

40 

15 

Deep breath 
Deep breath 
Pin prick 


R.H. 
(M, 26) 

124/68 

33.5 

Arteriolar limb 

31.S 

-8.5 

-27.0 

45 

Deep breath 

Reflex vasodilatation 

M.E. 

(F,32) 

116/76 

32.3 

Summit 

29.0 

-6.0 

-20.7 

55 

Instructions 
before deep 
breath 



Average — Normals 


fli 

-18.1 

34 




HYPERTENSIVE SUBJECTS 


J.A. 

(M,41) 

148/106 

31.4 

Venous limb 

20.0 

-5.5 

-27.5 

45 

Deep breath | 


C. B. 
(M, 35) 

222/148 

35.5 

1 Arteriolar limb 

57.0 

-5.0 

- 8.8 

SO 

Pin prick 


E. B. 
(F,35) 

232/172 

232/172 

2I8/I54 

220/160 

33.0 

33.2 

33.2 

33.4 

Venous limb 
Summit 

Arteriolar limb 
Arteriolar limb 

20.0 

40.0 ' 

28.0 
30.0 

-6.0 

-2.0 

-8.0 

-10.0 

-30.0 
- 5.0 

-28.6 

-33.3 

30 

? 

15 

10+ 

Deep breath 
Deep breath 

Pin prick 
Deep breath 

24 minutes after intraderraal 
histamine (1 : 100) 

Reflex vasodilatation 

Reflex vasodilatation 

H.B. 
(M, 35) 

178/136 

178/136 

33.6 

33.6 

Venous limb 

Venous limb 

22.0 

21.0 

- 5.0 

- 5.0 

-22.7 

-23.8 

IS 

15 

Deep breath 

Deep breath 

16 minutes after intradermal 
histamine (1 : 100) 

20 minutes after intradermal 
histamine (1 : 100) 

Average — ^Hypertensives 

Average of all 

■ 

- 5.8 

- 5.4 

-22.4 

-20.8 

22 

29 




In 2 hypertensive subjects with moderate digi- 
tal vasodilatation, marked vasodilatation was in- 
duced locally in the nail fold by pricking in hista- 
mine. Vasoconstrictor stimuli applied at the 
height of the resulting erythema were still followed 
by decreases (2 mm. Hg to 5 mm. Hg) in the 
capillary blood pressure (Table I). 

The above changes in capillary blood pressure 
Were never accompanied by visible alterations in 
the diameter of the capillaries or in the flow of 
blood through them. 


B. Subjects with abnormally large capillaries 

Each of the 7 patients in this group had either 
Rajmaud’s disease, or scleroderma, or both, in- 
volving the fingers. Only in subject M. B. were 
the capillaries of approximate!}' normal size ; in all 
other subjects, they were unquestionably abnor- 
mally large. 

1. Intact sympathetic innervation 

Neurogenic vasoconstriction. With the digital 
circulation in moderate \’asodiIatation, neurogenic 
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vasoconstrictor stimuli were administered 89 
times to 7 subjects (Table II). Following 52 
stimuli, the capillary blood pressure decreased 
(Figure lA, Figure 2A) by 1 mm. Hg to 8 mm. 
Hg (4.4 to 27.8 per cent). These falls in pres- 
sure persisted for 5 to 65 seconds. After 29 stim- 
uli the capillary blood pressure remained essen- 
tially unchanged (Figure 3) ; and on the remain- 
ing 8 occasions, it rose slightly (1 mm. Hg to 2 
mm. Hg). The stimuli which were followed by 
no change or a slight rise in capillary blood pres- 
sure, usually induced slight digital vasoconstric- 
tions of short duration, or none at all. On one 
occasion, however, an increase in pressure of 5 
rhm. Hg accompanied a substantial vasoconstric- 
tion. Two subjects (M. S. and M. B.) accounted 


for 7 of the 8 instances in which the capillary 
blood pressure rose during digital vasoconstriction. 

Usually, the more marked decreases in capillary 
blood pressure accompanied the more marked and 
more prolonged vasoconstrictions (Table II). 
There were exceptions. For example, in patient 
C. M., a deep breath was, on one occasion, fol- 
lowed by a fall of 8 mm. Hg in the capillary pres- 
sure, although the simultaneously recorded digital 
vasoconstriction was slight. In patient F. G., ice 
applied to the face induced, on one occasion, a 
marked digital vasoconstriction, during which the 
capillary blood pressure remained unaltered. 

Although vasoconstrictions occasionally were 
not accompanied by significant changes in capil- 
lary blood pressure (Figure 3), decreases in capil- 


TABLE II 

Change in capillary blood pressure during vasoconstriction induced by "neurogenic" vasoconstrictor stimuli. 

Dilated capillaries. Intact innervation 





Arterial 

Diagnosis 

pres- 

sure 




mm, Hg 
Scleroderma 90/56 31.1 



B. B. 
(F. 44) 


M. B. Scleroderma 124/86 2S.0 

(F, 47) with 

Raynaud s 

Disease 


M. S. Raynaud’s 86/50 30.0 

(F, 17) Disease 


Location in 
capillary 
where 

pressure was 
measured 


Venous limb 
Venous limb 
Venous limb 
Arteriolar limb 
Arteriolar limb 
Arteriolar limb 
Arteriolar limb 
Arteriolar limb 
Arteriolar limb 
Arteriolar limb 
Venous limb 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Venous limb 
Venous limb 


Venous limb 
Venous limb 
Venous limb 
Summit 
Summit 
Summit 


Venous limb 
Venous limb 


Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 


Capillary blood pressure 


Tnitini Maximum change 
initial jjyg stimulus 


Dura- 
tion of 
change 
in cap- 
illary 
blood 
pressure 


Magni- 
tude of 
vasocon- 
striction 
by ple- 
thysmo- 
graphy 




Ice to leg 
Deep breath 
Deep breath 
Ice to leg 
Ice to leg 
Ice to leg 
Deep breath 
Deep breath 
Mental problem 
Deep breath 
Deep breath 
Deep breath 
Deep breath 
Ice to leg 
Ice to neck 
Ice 

Pin prick 
Ice 

Pin prick 
Mental problem 


Ice to leg 
Pin prick 
Deep breath 
Deep breath 
Ice to leg 
Deep breath 


Pin prick 
Ice to face 


Ice to shoulder 
Deep breath 
Pin prick 
Ice to neck 
Ice to shoulder 
Deep breath 
Pin prick 
Deep breath 
Ice to neck 
Deep breath 
Pin prick 
Mental problem 
Deep breath 
Deep breath 



Capillaries of "top 
normal” size 
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ScleTodcrma 


®C. 


30.7 


27.0 


Venous 
Venous limb 
Venous Umb 
Summit 
Venous limb 
Venous umb 

s Umb 


( Venous li 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 
Summit 

1 Venous umb 
Venous Umb 
Venous Umb 
Venous Umb 
Venous Umb 
Veno us Umb | 

Arteriolar Umb 

1 Venous Umb 
Venous Umb 


ArtenOL 
Venous 
Venous Umb 
Venous Umb 
Venous limb 
Venous limb 
Venous Umb 
Venous Umb 

274 Venous Umb 
* 1 Venous Umb 

Venous Umb 
30 I Venous Umb 
^ 1 Venous Umb 

274 1 Venous Umb 

^ I Venous Umb 

I Venous Umb 
1 Venous limb 

' Venous Umb 

Venous Umb 
Venous limb 
Venous limb 
Venous Umb 
Venous Umb 



lary blood pressure were unusual m the absen 
demonstrable vasoconstnctions. j^^ulation. 

During similar states o£_the ^ -^en 

as judged by the digital induce the 

vasoconstnetor stimulus did volume 

same degree of change f *e This 

or in the digital capillary o even in a 

maintained for different ^Lry (Table 

series of observations on a sing e p 

Vasoconstriction induced ^^^"^^ochioride 

jected intravenously. Epmep n jnto 

(1 to 2.5 gamma) was injecte m fol- 

5 subjects. Strong digital vasoco j.esponse 

lowed 10 of the 11 ejections; °nce *e^,e 

. ivas equivocal. A faU in capillary blood press 


• A 7 ni the 10 vasoconstrictions (Tabl< 
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Fig. 1. Subject T. A. Moderate Scleroderma of Hands. Innervation of All Digits 

Intact in Both A and B 

A. Simultaneous changes in capillary blood pressure and digital volume during vasocon- 
striction induced by ice to the skin. Capillary blood pressure measured in the summit of a 
capillary loop. Skin temperature LF 4, 27.5° C. Room temperature, 23.7° C. Arterial 
pressure, left arm 102/72 mm. Hg. 

B. Simultaneous changes in capillary blood pressure and digital volume during vasocon- 
striction induced by the intravenous injection of 1 gamma of epinephrin hydrochloride. 
Capillary blood pressure measured in the venous limb of a capillary loop. Skin temperature 
LF 3, 30° C. Room temperature, 24.6° C. Arterial pressure, left arm 104/72 mm. Hg. 
(3 signal marks indicate beginning of “needling”; 4 marks, entry of needle into vein; solid 
mark, injection; 5 marks, withdrawal of the needle.) 

All figures are similarly plotted and labelled. From above downward they record respec- 
tively: RESP. — respiration, the down stroke indicating inspiration. RF3 \ , RTl f (or other 
letters) — digital pulse wave and digital volume, the arrow indicating the direction of a de- 
crease in volume. SEC . — time interval in seconds, the solid mark indicating the minute 
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strictions. During the one equivocal response, 
the capillar)' blood pressure fell 3 mm. Hg. 

2. Sympathetic imicrvation interrupted 
Neurogenic vasoconstriction. Except on one 
occasion, when a small digital vasoconstriction 
followed the stimulus of mental arithmetic,- neuro- 
genic \-asoconstrictor stimuli (13 in all) failed to 
induce any change in the capillar)' blood pressure 
or in the volume of the sympathectomized digits 
of three subjects (Table IV, Figure 2B). During 
the one small vasoconstriction, capillary blood 
pressure increased 1 mm. Hg. In each subject, 
the same stimuli produced definite vasoconstric- 
tions in the contralateral, normally innen'ated 
digits (Figure 2B). 

Vasoconstriction induced by epinephrin injected 
intravenously. Epinephrin hydrochloride (1 to 2 
gamma) was administered intravenously 9 times 
to 3 subjects, with temporarily or permanently 
interrupted sympathetic inner\'ation of the digits 
(Table V). On each occasion, after the usual 
latent period, similar decreases in digital volume 
were recorded in both the s)'mpathectomized and 
in the contralateral, normally innervated digits. 
In the sympathectomized digits, the vasoconstne- 
tions were accompanied by falls in capillary blood 
pressure W'hich in duration (15 to 60 seconds) 
and magnitude (1 mm. Hg to 11 mm. Hg, 6.3 to 
35.5 per cent) approximated those observed in 
the normally innervated digit (Table V, Figure 
4A, Figure 4B). 

C. Relation between capillary blood pressure and 
changes in volume of digit 

Although usually paralleling the decreases in 
digital volume, the falls in capillary blood pressure 

^Recent evidence (9) indicates that a humoral (epi- 
nephrin-like) component may be involved in the pro- 
duction of the digital vasoconstriction induced by mental 
arithmetic. The effect of epinephrin in sympathectomized 
digits is discussed subsequently. 


appeared at times to lag behind the changes in 
volume. Thus, during the initial phase of vaso- 
constriction, when the digital volume was decreas- 
ing most rapidly, the capillary blood pressure oc- 
casionally remained unchanged, or even increased 
slightly (Figure IB). As the digital volume 
reached its low'est level, the capillary- blood pres- 
sure also fell but occasionally did not attain its 
low'est value until after the digital volume had be- 
gun to increase toward its original level. The 
capillary blood pressure returned to its initial 
value more slowly than the digital volume. Such 
lags in capillary blood pressure behind the changes 
in digital volume were observ-ed during vasocon- 
strictions induced by both epinephrin and neuro- 
genic vasoconstrictor stimuli, and in sympathec- 
tomized as well as in normally innerv-ated digits. 

In all of the experiments, the changes in capil- 
lary blood pressure tended to be qualitatively the 
same in all parts of the capillar)- : arteriolar limb, 
summit, and venous limb. 

DISCUSSION 

It has preriously been shown that digital capil- 
lary blood pressure is readily altered by changes 
in both the local (3, 4) and systemic ( 10) venous 
pressures, by the injection of histamine locally 
(3), and by the local application of heat and cold 
(3). Emplo)mg direct measurement, this study 
adds information concerning the effect upon capil- 
lary blood pressure of vasoconstrictions caused 
by reflex nervous mechanism and by a circulating 
pressor substance. This information was desired 
before proceeding to a comparison of capillaty- 
blood pressure in normal and hypertensive sub- 
jects (11). 

Although capillary blood pressure in the nail- 
folds did fall during neurogenically induced digital 
-i-asoconstrictions, these reductions in pressure 
were relatively small; never exceeding 33.3 per 
cent of the initial value. Rarely, did the resultant 


interval. The signal marks immediately below the time tracing indicate the exact time of a 
capillary blood pressure determination (single thin mark) and the time and duration of the 
administration of the stimulus noted immediately below (solid mark). All of the abctve is 
the actual optical record. Below this record and upon the same time axis is plotted the 
capillary blood pressure (CP— LF4, or similar legend) in mm. Hg. Each plotted point of 
capillary blood pressure represents the pressure at the time of the signal mark immediately 
above. 

Digits are identified by the recognized scheme: the first letter indicating the side (right or 
left) : the second letter, the digit (finger or toe) and the number the specific digit (first, 
second, etc.). 
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capillary blood pressure fall beyond the limits ob- vasoconstrictions “the flow to the fingers may b 
tained under resting conditions. When compared temporarily decreased as much as 20 times,” am 
with the reductions induced in digital blood flow Burton (2) states that "a deep breath causes mo 
during similar vasoconstrictions, the percentile mentary almost complete cessation of flow in th 
decreases in capillary blood pressure are consid- fingers.” Conversely, during reflex vasodilatatioi 
erably smaller. For example, Wilkins, Doupe, the blood flow to the fingers may increase a 
and Newman (1) found that during neurogenic much as 100 times (1), but during similar condi 
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Fig. 2. Subject F. G. Raynaud’s Disease of Hands and Feet 


A. Simultaneous changes in capillary blood pressure and digital volume during vasoconstrictions 
induced by ice and pin prick. Digital innervation intact. Capillary blood pressure measured at junc- 
tion of venous limb and summit of a capillary loop. Skin temperature LF4, 30° C. Room tem- 
perature, 25.5° C. Arterial pressure left arm 122/88 mm. Hg. 

B. Simultaneous observations of capillary blood pressure in a sympathectomized digit and of digital 
volume in a sympathectomized and in a normally innervated digit, during application of vasoconstric- 
tor stimuli. Preganglionic sympathectomy of left upper extremity. Intact innervation right upper 
extremity. Capillary blood pressure measured at junction of venous limb and summit of a capillary 
loop. Skin temperature LF4, 31.5° C. Room temperature,^ 26.3° C. _ Arterial pressure, left arm 
110/80 mm. Hg. Note spontaneous deep breath between stimuli of pin prick and ice. 
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Fig. 3. Subject M. S. Raynaud’s Disease with So-ERODERiiA or Hands and Feet 
Simultaneous observations of capillary blood pressure and of digital volume during vasoconstrictions induced 
by deep breath, ice to the skin, and mental arithmetic. Digital innervation intact. Capillary blood pressure meas- 
ured in the venous limb of a capillaiy. Skin temperature LF4, 29.2° C. Room temperature 24.5° C. Arterial 
pressure, left arm 86/50 mm. Hg. 


lions no comparable increase in capillary blood 
pressure was found in this or in other studies 
( 11 ). 

There appears to be a homeostatic mechanism 
which keeps the digital capillary blood pressure 
within relatively narrow limits, even though blood 
flow in the digits is undergoing wide fluctuations 


during digital vasoconstriction. The arteriole- 
venule anastomoses in the digits viay contribute 
one component to this mechanism. By shunting 
blood through these structures, and by-passing the 
capillaries, vide variations in digital blood flow 
could occur without great changes in capillary 
blood pressure. 


TABLE III 


Change in capillary blood pressure during vasoconstriction induced by epinephrin intravenously. Abnormally large 

capillaries. Intact innervation 


Subject 

(Sex. 

age) 

Diagnosis 

Arterial 

pres- 

sure 

i 

Location in 
capillary 
where 

pressure was 
measured 

Capillary blood pressure 

Duration of 
change in 
capillary 
blood 
pressure 

Magni- 

tude 

of 

• \*asocon- 
8t Fiction 

Stimulus 

Initial 

Maximum change 
due to stimulus 

t.a. 

(M, 26) 

Scleroderma 

mm. Eg 

102/72 

102172 

102/72 

102/72 

"C. 

28.5 

28.5 

28.5 

28.5 

Summit 
Summit 
Venous limb 
Venous limb 

mm. He 

19 

18 

16 

18 

mm. Hs 

-10 

- 3 

- 5-1- 

- 4 

per cent 
of 

initial 

-52.7 

-16.7 

-31.2 

-22.2 

seeondz 

98+ 

21 

15+ 

40 

4+ 

3 + 

4+ 

3+ 

Epinephrin 2y 
Epinephrin ly 
Epinephrin 2.57- 
Epinephrin ly 

M. B. 
(F. 47) 

Scleroderma 

Raynaud’s 

Disease 

124/86 

25.0 

Venous limb 

37.5 

-22? 

-58.8 

60+ 

2+ 

Epinephrin ly 

F. H. 
(M, 38) 

Scleroderma 

118/62 

30.7 

Summit 

38 

- 8 

-21.0 

10+ 

3 + 

Epinephrin 27 - 


Raynaud’s 

Disease 

86/50 

86/50 

30.0 

30.0 

Venous limb 
Venous limb 

16 

15 

+ 1.5 
-1- 2 

-1- 9.4 
-M3.3 

? 

> 

1 + 

2+ 

Epinephrin It- 
Epinephrin It- 

C.M. 
(F, 29) 

Raynaud’s 

Disease 

128/86 

128/86 

128/86 

27.0 

32.1 
32.1 

Summit 
Venous limb 
Summit 

16 

20 

24 

- 3 
+ 2 

- 3 

-18.7 
+ 10.0 
-12.5 

? 

25+ 

j 

2 + 

1 + 

Epinephrin It- 
Epinephrin It- 
Epinephrin ly 

Average 





- 4.8 

-18.3 

38.5 
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TABLE IV 


Capillary blood pressure during "neurogenic" vasoconstrictor stimuli. Abnormally large capillaries. 

Sympathetic innervation interrupted 


Subject 

(Sex, 

age) 

Diagnosis 

Arterial 

pres- 

sure 

Skin 

tem- 

pera- 

ture 

Location 

in 

capillary 

where 

pressure 

was 

measured 

Ca 

Ini- 

tial 

pillary blood 
pressure 

Maximum 
change due 
to stimulus 

Dura- 
tion of 
change 
in cap- 
illary 
blood 
pressure 

Magni- 

tude 

of 

vasocon- 

striction 

Stimulus 

Remarks 

F.H. 
(M, 38) 

Scleroderma 

mm. Hg 

118/62 

“C. 

30.7 

Summit 

mm. 

llg 

36.5 

mm. 

-2.5 

per cent 
of 

initial 

- 6.8 

seconds 

? 

0 

Ice to leg 

Paravertebral 
block. Capillary 
pressure remainea 
at lower figure 

M.S. 

Raynaud's 


IS 

Summit 

la 

0 

0 


0 

Ice to shoulder 

Paravertebral 

(F, 17) 

Disease 


• % 

Summit 


0 

0 


0 

Pin prick 

block 



86/50 

y ^ 

Summit 


0 

0 


Moved 

Deep breath 




B*! Up Ij 

■ % 

Summit 

17.5 

0 

0 


0 

Ice to shoulder 





; % 

Summit 

17.5 

0 

0 


0 

Pin prick 




3 

[ % 

Summit 

17 

0 

0 


0 

Deep breath 




86/50 

1 X 

Summit 

17 

0 

0 


Moved 

Ice 




86/50 

> X 

Summit 

17 

+ 1.0 

+5.9 

54 

1 + 

Mental problem 


F.G. 

Raynaud’s 


31.9 

Summit 

18 

0 

0 


0 

Pin prick 

Preganglionic 

(M, 32) 

Disease 

110/80 

31.9 

Summit 

18.5 

0 

0 


0 

Ice to face 

sympathectomy 



110/80 

31.9 

Summit 

18.5 

0 

0 


0 

Ice 





31.9 

Summit 

21.5 

0 

0 


0 

Pin prick 




BB 

31.9 

Summit 

21.5 

0 

0 


0 

Ice 



TABLE V 


Change in capillary blood pressure during vasoconstriction induced by epinephrin intravenously. Abnormally large 

capillaries. Sympathetic innervation interrupted 


Subject 

(Sex, 

age) 

Diagnosis 

Arterial 

pres- 

sure 

Skin 

tem- 

pera- 

ture 

Location in 
capillary 
where 

pressure was 
measured 

Capillary blood pressure 

Dura- 
tion of 
change 
in 

capil- 

lary 

blood 

pres- 

sure 

H 

|g| 

Stimulus 

Remarks 

i 

Maximum change 
due to stimulus 



nnni 





per cent 








OC. 


Hg’ 

mm. Hg 

of 

initial 

seconds 




M. S.- 

Raynaud’s 


33.9 

Summit 

16 

- 1 

- 6.3 

15 

1 + 

Epinephrin 

Paravertebral block 

(F, 17) 

Disease 


33.9 

Summit 

18 

- 3.5 

-19.4 

40 

2 + 

Epinephrin l-y 

Block wearing off 

C. M. 

Raynaud’s 

128/86 

33.5 

Arteriolar 

32.5 

? 

? 


2 + 

Epinephrin I 7 

Paravertebral block 

(F, 29) 

Disease 

128/86 

33.5 

limb 

Arteriolar 

25.5 

- 2 

- 7.8 

15 

2 + 

Epinephrin 27 






limb 










112/76 

33.0 

Summit 

24 

+ 13.5 

+56.3 


2 + 

Epinephrin I 7 








then —2 

- 8.3 







112/76 

35 

Venous limb 

29 

- 4 

-13.8 

35 

1 + 

Epinephrin I 7 

Preganglionic 

sympathectomy 



112/76 

35 

Venous limb 

31 

-11 

-35.5 

25+ 

2 + 

Epinephrin I 7 

F. G. 

Raynaud’s 

110/80 

33.5 

Venous limb 

19.5 

- 3.5 

-18.0 

60 

4+ 

Epinephrin I 7 

-Preganglionic 

sympathectomy 

(M, 32) 

Disease 

110/80 

33.5 

Summit 

20 

- 4.0 

- 20.0 

30+ 

4+ 

Epinephrin I 7 








- 2.6 

-16.1 

Sl-f* 




Average 
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Although of smaller magnitude, the falls in particularly after interruption of the sympathetic 

capillary blood pressure appeared to be directly nervous pathways. Unless these pathways were 

related to the reductions in digital volume, and intact, the capillary blood pressure was not altered 

presumably in blood flow. Stimuli failing to in- by such neurogenic stimuli as the application of 

duce reductions in digital volume caused no change ice to a remote area of skin, pricking the skin with 

in the capillary blood pressure ; this was observed a pin, or the taking of a deep breath. But even 



Fig. 4. Subject C. M. Raynaud’s Disease with Scleroderma or Hands and Feet 
A and B. Simultaneous observations of capillary blood pressure in a sympathectomized 
digit and of digital volume in a sympathectomized and in a normally innervated digit during 
vasoconstrictions induced by the intravenous injection of 1 gamma of epinephrin on two 
occasions. Preganglionic sympathectomy of left upper extremity. Intact innervation right 
lower extremity. Capillaiy blood pressure measured in the venous limb of the same capillary 
loop. Skin temperature LF3, 35.0° C. Room temperature, 302° C. Arterial pressure, left 
arm 112/72 mm. Hg. Note absence in the sjmpathectomized (LFl) digit of the spon- 
taneously occurring vasoconstrictions recorded in the digit (RTl) with intact innervation. 
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after interruption of the sympathetic pathways, 
intravenously administered epinephrin caused re- 
ductions in both digital volume and capillary blood 
pressure of a degree equal to that occurring in 
normally innervated digits. 

Because of technical difficulties, most of the 
foregoing observations were made on the abnor- 
mally large capillaries of patients with Raynaud’s 
disease. General conclusions can, therefore, be 
reached only with reservations. However, it was 
reassuring to find that under the conditions im- 
posed, neurogenic vasoconstrictions affected capil- 
lary blood pressure similarly in normal and abnor- 
mally large capillaries. 

The contemplated comparison of capillary blood 
pressure in normal and hypertensive subjects 
made it desirable to find a state during which the 
capillary blood pressure would be relatively con- 
stant and relatively unaffected by vasoconstrictor 
stimuli. It was hoped that reflex vasodilatation 
or the local hyperemia induced by histamin would 
provide such a state. This proved not to be the 
case. Neurogenic vasoconstrictions, with result- 
ing changes in capillary blood pressure, could be 
abolished only by the interruption of the sympa- 
thetic pathways. Even then, epinephrin injected 
intravenously continued to induce a decrease in 
both digital volume and capillary blood pressure. 
However, it is believed that during moderate digi- 
tal vasodilatation the changes induced in capillary 
blood pressure by neurogenic vasoconstriction are 
not so great as to preclude comparative studies. 

It is emphasized that the data here presented 
and the conclusions derived therefrom, apply 
only to the digital capillaries. The digits possess 
specialized vascular areas, the blood flow through 
which is readily affected by many factors. The 
capillary blood pressure in these specialized areas 
need not necessarily be indicative of the capillary 
blood pressure elsewhere in the body. General- 
ized conclusions based upon data derived from 
local vascular areas should, therefore, be viewed 
with reservation. 

SUMMARY 

1. In the nWmal-sized digital capillaries of 
healthy subjects and of hypertensive patients, 
neurogenic vasoconstrictor stimuli brought about 
decreases in capillary blood pressure of from 5 per 
cent to 33 per cent. 

I 

1 


2. Reflex vasodilation in the digit, even when 
combined with local vasodilatation produced by 
histamine, failed to prevent the fall in capillary 
blood pressure which occurred in response to 
neurogenic vasoconstrictor stimuli. 

3. The percentage variation in digital capillary 
blood pressure was considerably smaller than the 
percentage variation in digital blood flow which 
has been reported to occur during similarly in- 
duced vasoconstrictions. 

4. In the abnormally large digital capillaries of 
patients with Raynaud's disease and scleroderma, 
neurogenic vasoconstrictions, and vasoconstric- 
tions induced by the intravenous injection of epi- 
nephrin, were usually accompanied by decreases 
in capillary blood pressure. 

5. After interruption of the sympathetic nervous 
pathways to the digits of patients with Raynaud’s 
disease and scleroderma, neurogenic vasocon- 
strictor stimuli failed to induce in the sympathec- 
tomized digits either vasoconstriction or fall in 
capillary blood pressure. On the other hand, in- 
travenously injected epinephrin continued to cause 
both vasoconstriction and fall in capillary blood 
pressures. 

6. These observations have been interpreted as 
indicating (a) that although strong physiologic 
vasoconstriction mediated through sympathetic 
nervous pathways may be accompanied by a fall 
in digital capillary blood pressure, the fall is rela- 
tively slight; and (I?) that the digital capillary 
blood pressure may remain at a relatively constant 
level during wide fluctuations in digital blood flow. 

The authors gratefully acknowledge the assistance of 
Dr. Harris B. Shumacker who performed both the para- 
vertebral blocks of the cervical sympathetic nerves and 
the operative preganglionic sympathectomies of the upper 
extremity. 

This investigation was conducted with the technical 
assistance of Miss Margot Robinson and Miss Sara B. 
Merritt, B.S. 
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The nonnal cardiac output (1) in essential 
hypertension implies a normal “total” blood flow 
to the entire body. The elevated arterial pres- 
sure has, therefore, been attributed to an increase 
in the “total” resistance of the vascular system. 
The arterioles are considered to contribute the 
major portion of this increased resistance. 

Correlated determinations of arterial and capil- 
lary blood pressures in normal and hypertensive 
subjects should reveal the nature and location of 
the vascular resistance in hypertension. In hy- 
pertensive states, the capillary blood pressure has 
been measured (2 to 5), but by indirect methods, 
the reliability of which has been questioned (6). 
It seemed advisable, therefore, to study the capil- 
lary blood pressure of normal and hypertensive 
subjects by the accurate, direct, micro-injection 
method (Landis) (7), and to make the observa- 
tion not only under resting conditions but also 
during influences known to alter the circulation 
in the areas under study. 

METHODS 

The capillary blood pressure was determined in the 
nail-folds of the fingers. The direct micro-injection 
method (Landis) (7, 6) was employed throughout. 

General. All of the methods, conditions, and precau- 
tions, fully described in a previous communication (8) 
under the general category of methods, were rigidly main- 
tained in the present study. This pertained to equipment, 
surroundings, and subjects. 

Particular. Only pressures obtained when the blood 
flow in the capillaries remained visibly unaltered are 
recorded as capillary blood pressures. At times, capil- 
laries were so pierced that the micropipette obstructed 
completely the lumen of the capillary. Blood flow 

^ Supported by a grant from The Commonwealth Fund 
for the study of essential hypertension. 

■ A preliminaiy report of these observations was read 
by title at the annual meeting of The American Society 
for Qinical Investigation, May 5, 1941 (J. Clin. Invest., 
1941, 20, 4S8). 


through the capillary ceased. Blood now entered the 
micropipette from one limb of the capillary and was 
expelled into the same limb when pressure in the micro- 
pipette was raised. The micropipette and capillary-limb 
acted jointly as a tube leading to the next most adjacent 
blood channel, arteriole, or venule. Equilibrium between 
micropipette-pressure and capillary blood pressure under 
these circumstances w'as believed to indicate the pressure 
in the nearest arteriole or venule. Readings obtained 
under these conditions are termed “arteriole” blood pres- 
sure and "venule” blood pressure, respectively. 

Each value of capillary blood pressure indicated the 
pressure in a single capillary, and was obtained by aver- 
aging the individual values of a series of readings made 
during a single continuous observation on that capillary. 
Single readings which could not be checked by successive 
readings have been discarded as lacking suffleient relia- 
bility, Each value of arteriole or venule blood pressure 
was obtained in a similar manner. 

Observations were made on 3 groups of subjects. {!) 
Subjects with normal arterial pressures: normal indi- 
viduals and patients convalescing from illnesses not as- 
sociated with circulatory disturbances, hereafter termed 
normal subjects. (2) Patients with elevated arterial 
pressures: excepting I patient with acute nephritis, these 
subjects had essential hypertension; the majority were 
of the bem’gn type, several were of the malignant type. 
(3) Subjects with low arterial pressure, either in asso- 
ciation with their systemic illnesses, or as a result of 
local arterial disease, were included in the normal group. 
In no patient in any group, was there evidence of con- 
gestive heart failure or of an increase in venous pressure. 

RESULTS 

In both normal and hypertensive subjects, con- 
siderable variation in digital capillary blood pres- 
sure was found ; not only from indivddual to indi- 
vidual but also in the same subject from day to 
day and even in adjacent capillaries of the same 
nail-fold during a single experiment. During 
moderate v^asodilatation of the digital circulation, 
alterations in capillar)’ blood pressure were occa- 
sionally observed during a single series of readings 
throughout whicli the micropipette remained in 
the same location in a given capillary. Similar 
11 
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TABLE I 


Capillary blood pressure during two scries of measurements in the same location of the same capillary 

during a single experiment 


Subject 

Diagnosis 

Skin tem- 

Arterial 

Location 
where capillary 

Interval be- 

Capillary blood pressure 

(Sex, age) 

perature 

pressure 

blood pressure 
was measured 

tween readings 

First series 

Second series 

Difference 



”C. 

mm. He 


minutes 

mm. He 

mm. He 

mm. Be 

M. E. 

(F, 30) 

Normal 

33.5 

116/78 

Summit 

26 

25,5 

33 

7.5 

E. S. 

Essential 

34.4 

164/110 

Venous limb 

18 

18 

20 

2 

(F, 28) 

hyperten- 

34.4 

164/110 

Venous limb 

13 

23 

18 

5 

sion 

33.7 

168/110 

Venous limb 

7 

28 

38 

10 

T. R. 

(F, 38) 

Essential 

hyperten- 

sion 

35.9 

156/110 

Arteriole 

11 

46 

47 

1 

V.M. 

(F, 29) 

Essential 

hyperten- 

sion 

31.1 

164/120 

Arteriolar 

limb 

23 

28 

28.5 

0.5 

F. L. 

(F, 33) 

Essential 

hyperten- 

35.3 

170/120 

Arteriolar 

limb 

15 

23 

22 

1.0 

sion 

30.5 

166/114 

Arteriolar 

limb 

44 

10.5* 

28* 

17.5 

H. B. 

(F, 29) 

Essential 

hyperten- 

sion 

34.0 

160/114 

Summit 

10 

30 

33 

3 


Arteria] pressure and skin temperature essentially unaltered during the two series of readings. -i/nn 

* In this experiment skin temperature rose from 30.5° C. to 32.2° C. and arterial pressure from 166/114 to 174/120 
between the two series of readings. 


variations also occurred during reflex vasodilata- 
tion, a state considered to be associated with a 
relatively constant digital circulation. Repiercing 
the same capillary in the same location, at intervals 
throughout a single experiment, yielded capillary 
blood pressures which were usually comparable 
(Table I). At times large differences were ob- 
served between determinations, even when an 
effort was made to keep the digital circulation 
constant (Table I). 

Effect of increased local venous pressure 

A previous study (6) confirmed the observa- 
tions of Landis (7), that induced increases in 
local venous pressure were accompanied by rises 
in capillary blood pressure to values which ex- 
ceeded the venous pressure. 

Including the cases already reported (6), the 
capillary blood pressure was measured in the same 
location, in the same capillary, at normal and 
elevated digital venous pressures, in 22 subjects 
wth varying arterial pressures (Table II). In 
all subjects, the capillary blood pressure in all lo- 


cations of the capillary rose, in most instances to 
exceed local venous pressure by 1 mm. Hg to l5 
mm, Hg, The response of the capillary blood 
pressure to increases in venous pressure was 
similar in both hypertensive and normal subjects 
(Table II). 

Effect of vasoconstriction in the digits 

Another study (8) showed that neurogenic 
digital vasoconstrictions were accompanied by de- 
creases in digital capillary blood pressure, which 
in 4 hypertensive patients were of approximately 
the same duration and magnitude as in 3 normal 
subjects (Figure 1). Neither reflex vasodilata- 
tion nor the local hyperemia induced by the intra- 
dermal injection of histamine acid phosphate 
( 1 : 100 in salt solution) prevented these falls^ in 
capillary blood pressure in normal or hypertensive 
subjects (8). 

Effect of digital skin temperature 

No determinations were made of the capillary 
blood pressure in the same capillary during sig- 
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nificant changes in digital skin temperature. 
However, the temperature of the digital pad was 
determined at the time of each capillary blood 
pressure measurement. Therefore, some correla- 
tion of these two factors is possible (Figures 2 
and 3). 

With the hands moderately warm, capillary 
blood pressure seemed unaffected by digital skin 
temperature. At all skin temperatures between 
27° C. and 35° C., the capillary blood pressures 
in all locations of the capillary scattered widely, 
and approximately equally, in both normal (Fig- 
ure 2) and hypertensive (Figure 3) subjects. In 
both groups of subjects, the degree of variation 
was much the same at the lower as at the higher 
temperatures within this range. At the warmer 


skin temperatures, slightly higher capillary blood 
pressures were obtained in both the arteriolar 
and venous limbs of the hypertensive patients than 
in the normal subjects. These differences were 
not definite. Only at very low skin temperatures 
did the digital capillary blood pressure fall below 
the limits obtained during moderate digital vaso- 
dilatation. For example, in one hypertensive sub- 
ject, the capillary blood pressure in the arteriolar 
limb fell to 7.5 mm. Hg when the digital skin 
temperature was 24.8° C. Blood flow through 
the capillary at this time was abnormally slow. 

Gradient of fall of pressure in the capillary 

The capillary blood pressure was determined in 
60 subjects with normal arterial pressures, in 46 


TABLE n 


The effect of locally increased venous pressure upon the blood pressure in the same capillary 


Subject 

(Sex. 

aw) 

Diagnosis 

Arterial 
pressure i 

Sldn 

temperature 

Location in 
capillary 
where 

pressure was 
measured 

Capillary blood 
pressure 

m 

Difference be- 
tween capillary 
blood pressure 
and cuff 
pressure 
during venous 
congestion 

Initial 

During 

venous 

congestion 

I.B. 

(F, 19) 

Normal 

mm. Eg 

116/72 ; 

“C. 

31.1 

Arteriolar limb 

mm. Eg 

19 

mm. Eg 

54 to 60 

mm. Eg 

44 

mm. Eg 
+10 

B. B. 

(F, 13) 

Diabetes meUitus 

92/62 

92/62 

92/62 

29.0 

31.1 
31.1 

Venous limb 
Venous limb 
Venous limb 

12 

13 

19 

51.5 

51.5 

61.5 

53 (51.8) 

52 

51 

mm 

H.B. 
(M, 15) 

Convalescent 
rheumatic 
heart disease 

116/76 

28.1 

Arteriolar limb 

22 

58.5 

52 (46.5) 

+ 6.5 

H. B. 
(F, 25) 

Syphilis 

soiso 

31.1 

Venous limb 

11.5 

46 

44 (42.8) 

+ 2.0 

H.G. 
(F. 26) 

Normal 

112/82 

29.7 

Summit 

53 

62.5 

61 

+ 1.5 


Normal 

112/82 

112/82 

29.7 

29.7 

Arteriolar limb 
Arteriolar limb 

20 

76 

60 

80 

59 

- 4.0 
+ 1.0 

B.M. 

(F,31) 

Convalescent 
otitis media 

106/76 

106/76 

29.6 

29.8 

Arteriolar limb 
Venous limb 

35 

35.5 

69.5 

68 

60 (57.8) 

60 (57.8) 

+ 9.5 
+ 8.0 

G.M. 
(M, 19) 

Normal 

126/74 

116/76 

27.1 

28.9 

Venous limb 
Venous limb 

14 

11 

39 

49.5 

36 

46 

+ 3.0 
+ 3.5 

W.O. 
(M, 25) 

Normal 

124/66 

30.5 

Venous limb 

13 

49 

50 

- 1.0 

E. R. 

(M. 21) 

Normal 

130/76 

130/76 

30.0 

30.0 

Arteriolar limb 
Arteriolar limb 

41 

36 

66 

68 

52 

52 

+14 

+16 

J.W. 
(M. 32) 

Convalescent 

pneumonia 

104/60 

28.9 

Venous limb 

23.5 

54 

54 (47.9) 

0.0 

h.g. 

(F.41) 

Raynaud’s disease 

110/74 

110/74 

27.3 

27.3 

Arteriolar limb 
Summit 

12 

13 

41 

44 

40 

43 

+ 1.0 
+ 1.0 
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TABLE II — Continued 


Subject 

(Sex. 

age) 

Diagnosis 

Arterial 

pressure 

Skin 

temperature 

Location in 
capillary 
, wliere 

pressure was 
measured 

Capillary blood 
pressure 

Cuff pressure* 

Difference be- 
tween capillary 
biood pressure 
and cuff 
pressure 
during venous 
congestion 

Initial 

• During 
venous 
congestion 

M. L. 

(F, 48) 

Raynaud's disease 
with scleroderma 

mm. Hg 

110/72 

108/62 

110/72 

110/72 

°C. 

26.5 

23.8 

33.0 

33.0 

Venous limb 
Venous limb 
Arteriolar limb 
Venous limb 

mm. Hg 
18 

20 

20 

19 

mm. Hg 
60 
67.5 
64 

62 

mm. Hg 

60 (57.9) 

63 

60 

61 

mm. Bg 

0.0 
+ 4.5 
+ 4.0 
-f 1.0 


Raynaud's disease 

130/76 

130/76 

118/66 

118/66 

25.7 
28.1 
28.1 . 
30.3 
30.3 

Venous limb 
Venous limb 
Venous limb 
Venous limb 
Venous limb 

16.5 

35 

22 

20 

14 

52 

73 

66 

53.5 

38.5 

52 (47.1) 

63 

61 

54 

43 

0.0 
-flO.O 
-1- 5.0 

- 0.5 

- 4.5 

C. B. 

(M, 35) 

Hypertension 

222/148 

35.0 

Summit 

52 

128 

82 

d-46.0 

J. B. 
(M, 41) 

? Hypertension . 

148/90 

28.6 

Venous limb 

15 

50 

50 

0.0 

H. B. 

(F, 29) 

Hypertension 

166/130 

27.7 

Venous limb 

14 

66 

63 

-1- 3.0 

W. E. 

(M, SO) 

Hypertension 

200/118 

29.0 

Venous limb 

29 

58 

52 

+ 6.0 

H. F. 

(F, 36) 

Hypertension 

220/140 

30.2 

Venous limb 

18 

52 

52 


F. L. 

(F, 33) 

Hypertension 

174/114 

174/114 

192/128 

192/128 

32.7 

32.7 

31.5 

31.5 

Venous limb 
Venous limb 
Venous limb 
Venous limb 


63 

83 

95 

102 

60 

80 

90 

90 


N. P. 

(F, 23) 

Hypertension 

174/110 

31.5 

Venous limb 

14 

77 

80 

- 3.0 

J.P. 

(M, 36) 

Hypertension 

236/146 

30.3 

Arteriolar limb 

49 

82 

81 

+ 1.0 


* Local venous pressure usually fell several mm. Hg below cuff pressure. Figures in parentheses give the actually 
determined venous pressure at the cuff pressure indicated by the immediately preceding figure. 


patients with essential hypertension, and in one pa- 
tient with acute nephritis. In the “normal” group, 
the arterial pressure averaged 119/74 (mean pres- 
sure 96 mm. Hg) . Systolic pressure ranged from 
80 mm. Hg to 156 mm. Hg, and diastolic pressure, 
from 50 mm. Hg to 98 mm. Hg. In the hyper- 
tensive group, the average arterial pressure was 
188/124 (mean pressure 156 mm. Hg) ; the sys- 
tolic pressure varied from 132 mm. Hg to 254 
mm. Hg, and the diastolic pressure, from 96 mm. 
Hg to 186 mm. Hg. In one subject with multiple 
aneurysms, the arterial pressure was unobtainable. 

In both groups of subjects, the wide variations 
in the capillary blood pressure for the same loca- 


tion in the capillary led to considerable overlap- 
ping of the values for arteriolar and venous limbs. 
Nevertheless, the values for corresponding loca- 
tions in the capillary were approximately the same 
in both the hypertensive and normal subjects (Ta- 
ble III). The scattering and overlapping were 
less marked when determinations were made dur- 
ing a single experiment on adjacent capillaries. 
At such times, the values for the two limbs of the 
capillaries were both in the same range, with the 
arteriolar limb pressure usually exceeding slightly 
the venous limb pressure. 

Assuming the average values for each location 
in the capillary to be representative of the capil- 
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Fig. 1. Chances in Capillarv Blood Pressure in 
the Same Capillarv in Normal and Hypertensive 
Subjects Following Neurogenic Vasoconstrictor 
Stimuu 

Following the stimuli the pressures always fell, and 
approximately equally in both groups of subjects. 

Construction of charts 

All charts. Ordinates; always capillary blood pressure 
in nim. Hg. Abscissae; usually mean arterial pressure 
in nun. Hg, except Figures 2, 3 (skin temperature °C.). 
The long, vertical, dotted line indicates the upper limit 
of normal mean arterial pressure. 

Scatter charts. (Figures 2, 3, 4, 6, 7, 9.) Each dot 
represents the average digital capillary blood pressure in 
ibe designated location in a single capillao' at the mean 
arterial pressure or skin temperature indicated by the 
abscissa. Each heavy horizontal arrow and number above 
the abscissa line indicates the average of all of the pres- 
sures represented by the corresponding dots. 

Charts of changes in single capillaries. (Figures 1, 8.) 
Digital capillary blood pressures in the same location of 
the same capillary are connected by vertical lines. When 
the lines are solid, the pressure rose from the lou'er to 
the higher value; when dotted, the pressure fell from 
the higher to the lower value. 


lary blood pressure in that location for the group, 
then the gradient of fall of pressure from arteriolar 
limb to venous limb was 8.7 mm. Hg (30.6 mm. 
Hg to 21.9 mm. Hg) in the “normal” subjects, 
2-nd 13,1 rnm. Hg (35.9 mm. Hg to 22.8 mm. 
Hg) in the hj'pertensive subjects. An increase 


of 50.5 per cent in the hypertensive subjects. But, 
when the gradient of pressure was measured in 
the same capillary, no significant difference was 
found in the gradient behveen corresponding loca- 
tions of the capillary in 9 normal and 12 hj’per- 
tensii'e subjects (Table IV). 

In both normal and hypertensive subjects, the 
gradient of fall of pressure from “arteriole” to 
“venule” was more marked than the gradient from 
arteriolar limb to venous limb of the capillaiy' 
(Figure 4). 

The average arteriole-venule gradient for the 
norma! subjects was 38,1 mm. Hg, for the hj'per- 
tensive subjects 34.9 mm. Hg. In a few in- 
stances, both arteriole and venule blood pressure 
in the hj'pertensive subjects exceeded the highest 
values obtained in normal subjects. There was 
no correlation between arteriole or venule blood 
pressure and the mean arterial pressure. 

Digital capillary blood pressure during procedures 
designed to dilate the arterioles 

Reflex vasodilatation. Although reflex vaso- 
dilatation is associated vrith a constant, reprodu- 
cible, and maximal digital sldn temperature, digi- 
tal capillaiy blood pressure determined during this 
state still leaned widely in both normal and hj'per- 
tensive subjects (Figure 5). Ev'en during a sin- 
gle experiment, throughout which digital skin 
temperature was maintained at the maximum 
level, considerable variation persisted in the digital 
capillarj' blood pressures measured in the same 
location of adjacent capillaries of a given indi- 
ridual. The limits of this variation and the aver- 
age capillary' blood pressures for both arteriolar 
and venous limbs were practically the same in the 
few' hypertensive and normal subjects studied 
(Figure 5). Jloreover, the range of variation 
during maximal reflex vasodilatation approxi- 
mated that obtained during moderate digital 
vasodilatation. 

During maximal reflex vasodilatation the aver- 
age capillarj' blood pressure in the venous limb 
exceeded I'alues obtained during the resting state, 
but the average pressure in the arteriolar limb re- 
mained unchanged (Figures 5, 2, and 3). As a 
result, the gradient of pressure from arteriolar 
limb to venous limb of the capillar}' became less 
steep; 2 ram. Hg in the normal subjects, prac- 
tically zero in the h}-pertensive subjects. It is 
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known that the digital blood flow during this state before the mass was pushed onward and blood 
is, nevertheless, much increased. flow became reestablished. Sticking of the eryth- 

Reactive hyperemia. The digital capillary blood rocytes to the wall of the capillary was observed 
pressure was always determined in the same loca- most frequently in those capillaries which had 
tion in the same capillary during reactive hyper- been previously pierced several times. Occasion- 

emia as it had been during the resting state. With ally, it was necessary to prod the tissue about the 

circulatory arrest, the blood continued to flow for capillary with the micropipette before the red 
5 to 10 seconds, then stopped. It gradually be- blood cells moved forward and swift blood flow 

came dark blue, more compact and seemingly more returned ' to the capillary. At times, even this 

viscid, as indicated by its more sluggish movement procedure did not suffice, and the capillary re- 
in, and adherence to, the micropipette tip. Ap- mained “permanently” in stasis. During reactive 
parently, the red blood cells packed together, pre- hyperemia, the capillaries appeared very pink but 
sumably as a result of the loss of plasma fluid, not particularly dilated. 

In the summits of 2 capillaries of a patient with The above findings were similar in normal and 
Raynaud’s disease, the digital capillary blood pres- hypertensive subjects. 

sure at this time measured 11 mm. Hg and 13 In the few studies on the normal sized capil- 
mm. Hg. laries of normal and hypertensive subjects, digital 

On release of the circulation, the mass of packed capillary blood pressure during reactive hyperemia 
red blood cells tended to adhere to the wall of the was essentially the same as during the resting state 
capillary and, at times, several seconds elapsed (Table V). The differences between pressures 



SKIN TEMPERATURE 

Fig. 2. Digital Capillary Blood Pressure in Different Locations in the Capillary at Varying Levels of 
Digital Skin Temperature. Subjects with Normal Arterial Pressure 

The range of pressures is the same at both low and high skin temperatures. 
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Fig. 3. Digital Capillary Blood Ppxssure ik Dotehent Locatioks in the Capillary at Varying Levels of 

Digital Skin TEirpEPJvniRE, Hypertensive Subjects 
. The pressures vary over the same range at both low and high temperatures. 


obtained during the two states did not exceed — 4 
mm. Hg. to + 1.5 mm. Hg (Table V). 

Difficulty in piercing quickly normal sized capil- 
laries during the early period of reactive hyper- 
emia (transitory at best) led to studies on the 
more easily pierced abnormally large digital capil- 
laries of patients with Raynaud’s disease. 

In the summits and venous limbs of 5 capil- 
laries in 2 subjects with Raynaud’s disease, the 
capillary blood pressure during reactive hyperemia 
differed from the resting values by only — 1-5 
mm. Hg to -j- 5.5 mm. Hg (average 2.5 mm. Hg), 
usually in the positive direction (Table VI). 
This maintained whether the reactive hyperemia 
involved the entire forearm or the digit alone. 

After preganglionic sympathectomy of the upper 
extremity of the same 2 subjects, the observations 
were repeated with generally similar results (Ta- 


ble VII). In the summits and venous limbs of 
10 capillaries, the capillary blood pressure during 
reactive hj’peremia differed from the resting values 
by — 11.0 mm. Hg to -|- 4.5 mm. Hg (average 4 
mm. Hg) usually in a negative direction (Table 
VII). The occasional considerable difference 
was obtained when the determination was made 
quickly after onset of the hj'peremia, when the pre- 
ceding ischemia was of long duration (10 minutes 
rather than 5), and when the area of hyperemia 
was great (forearm rather than digit alone). 

Histamine acid phosphate {1:100') injected 
intradermally 

These experiments were few in number. Dur- 
ing the eiythema produced by the intradermal in- 
jection of histamine, considerable variation in digi- 
tal capillary' blood pressure still piersisted in both 
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TABLE III 


Capillary blood pressure in normal and hypertensive subjects 



i 

Arteriolar limb 

1 

Summit j 

Venous iimb 

Num- 
ber of 
sub- 1 
jects 

Num- 
ber of 
capil- 
laries 

Capillary pressure 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 
capil- 
laries 

j Capillary pressure 

Num- 
ber of 
sub- 
jects 

Num- 
ber of 1 
capil- 1 
iaries 

Capillary pressure 

Range 

1 

Average 

] 

Range 

1 

Average 

Range 

Average 

Norma! 

31 

59 

jMm. Hg 

7.5 to 60 

mm, Hg 

30.6 j 

12 

14 

mm. Hg 

1 1 to 44 

mm, Hg 

29.5 

42 

84 

mm. Hg 

7.5 to 47 

mm.Bg 

21.9 

Hypertensive 

29 




10 




35 





Most of the determinations were made at digital skin temperature between 30° C. and 35° C. 


the arteriolar and venous limbs of normal and 
hypertensive subjects (Figure 6). In both 
groups, and for both locations in the capillary, the 
values did not exceed the upper limits obtained 
during moderate digital vasodilatation. How- 
ever, the average capillary blood pressures in all 
locations of the capillary rose in both groups of 
subjects to exceed the average values obtained 
during resting conditions (Figure 6). These in- 


creases were greater in the venous limbs than in 
the arteriolar limbs. In the normal subjects, the 
average capillary blood pressure in the venous 
limb rose 8.8 mm. Hg, and in the arteriolar limb 
only 3.6 mm. Hg. In the hypertensive subjects,, 
the increase in average capillary blood pressure in 
the venous limb was 18.7 mm. Hg, and in the 
arteriolar limb, 10.7 mm. Hg. Because of the 
greater increases in hyperten'sive subjects, the re- 


TABLE IV 


Gradietit of blood pressure determined in the same capillary during a single experiment 


Subject 

(Sex, 

age) 


Skin 


Capillary blood pressure 

■ 

Diagnosis 

tempera- 

ture 

pressure 

Arteriole 

Arteriolar 

limb 

Summit 

Venous 

limb 

Venule 


SUBJECTS WITH NORMAL ARTERIAL PRESSURE 


E. W. 
(M, 22) 

Tetralogy of 
Fallot 

"C, 

29.9 

mm. Hg 

118/74 

j 

mm, Hg 

33 

mm. Hg 

21.5 

mm. Hg 

mm. Hg 

mm. Hg 

mm. Bg 
11.5 

A. G. 

(M, 18) 

Normal 

30.2 

130/72 


12 

11 

1 



1 

R. H. 

(M, 26) 

Convalescent 

pneumonia 

32.9 

144/56 


26 

1 

25 

1 



1 

S. B. 

(M, 37) 

C. N. S. 
syphilis 

33.6 

112/64 

I 

34.5 

22 

I 

1 


12.5 

c. J. 

(F, 37) 

Normal 

31.1 

148/96 


25 


20 


5 

C. J. 

(M, 47) 

Clubbed 

fingers 

29.4 

114/82 ■ 


20 


27 


-7 

W. H. 
(M, 33) 

Convalescent 

pneumonia 

33.6 

120/78 

1 


36 


14 


22 

F. K. 

(F, 16) 

Convalescent 

nephritis 

33.4 

138/98 


57 


24 


33 

J. A. 

(M. 41) 


32.4 

126/96? 




13 

12.5 

0.5 
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TABLE IV — Continued 


Sut)cct 

(Sec. 

ose) 


Skin 

ArtcHal 

pressure 

Capillary blood pressure 

Dla^osls 

tempera- 

ture 

Arteriole 

Arteriolar 

limb 

Summit 

Venous 

limb 

1 Venule 


HYPERTEKSIVE SUBJECTS 


E. B, 

(F. 35) 

Malignant 

hj’pcrtcnsion 

“C. 

34.4 

mm. Hr 

230/170 

mm. Hr 

58 

mm. Hr 

47 

mm. Hr 

mm. Eg 

mm. Hr 

T. R. 

(F. 38) 

Essential 

hypertension 

33.8 

172/130 

5 

11 




E. S. 

(F, 28) 

Essential 

hypertension 

34.6 

182/118 

74 

33.5 




C. B. 

(M, 35) 

Essential 

hypertension 

35.1 

222/148 

76 


54.5 



H.B. 

(M, 35) 

Essential 

hypertension 

34.0 

174/130 

41 



34.5 


M.K. 

(F. 50) 

Hypertension 

telangectases 

30.8 

186/96 


25 

16 



V.M. 

(F. 29) 

Essential 

hypertension 

31.1 

164/120 


28 

30 



E. S. 

(F, 28) 

Essential 

hypertension 

34.2 

166/112 


25 

39 



J.B. 

(M, 41) 

Subarachnoid 

hemorrhage 

31.4 

182/106 


16 

20.5 



H. B. 

(F, 29) 

Essential 

hypertension 

35.3 

154/112 


37 


28.5 


H. B. 

(F, 29) 

Essential 

hypertension 

34.6 

152/106 


33 


26 


E. B. 
(F,35) 

Malignant 

hypertension 

32.8 

216/160 


50.5 


27 


F. L. 

(F, 33) 

Essential 

hypertension 

32.7 

174/116 


41 


12 


f.l. 

(F,33) 

Essential 

hypertension 

32.7 

174/116 


34 


16 


V.M. 

(F, 29) 

Essential 

hypertension 

? 

196/124 


17.5 


9.5 


C. W. 
(M, 29) 

Essential 

hypertension 

30.2 

156/106 


29 


19 


E. S. 

(F, 28) 

Essential 

hypertension 

34.6 

182/118 


33.5 


28 


F. L. 

(F, 33) 

Essential 

hypertension 

34.5 

170/120 



24 

22 


V. M. 
(F, 29) 

Essential 

hypertension 

31.1 

164/120 



30 

26 


R. E. 
(M, 37) 

Essential 

hypertension 

33.9 

204/142 




16 

14 

V.M. 
(F, 29) 

Essential ' 
hypertension 

24.8 

154/106 




12 

11.5 
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Fig. 4. The Blood Pressure in “Arterioles” and "Venules” during the Resting State and during His- 
tamine Flare in Normal and Hypertensive Subjects 
The solid horizontal arrows and the numbers above the abscissa line indicate average pressures during the resting 
state; the dotted arrows, average values during histamine flare. “Arteriole” and “venule” pressures in normal and 
hypertensive subjects vary over the same range, both during the resting state and during local hyperemia from hista- 
mine. 



"Arterioles” 

"Venules" 

Number of 
subjects 

Number of 
capillaries 

Pressure 

Number of 
subjects 

Number of 
capillaries 

Pressure 

1 

Range 

Average 

Range 

Average 




mm . Be 

mm . He 



mm . Be 

mm . Be 


11 

IS 

21 to 71 


7 

7 

12 to 21 

14.6 

Hypertensive 

13 

17 

18 to 82 


9 

10 

6 to 33 

17.0 
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HEAN ARTERIAL PRESSURE mn.Hj. 

Fig. S. Digital Capillary Blood Pressure Measured during Reflex VASooaATAnoN 
IN Normal and Hypertensive Subjects 

Capillary blood pressure in normal subjects: 

12 arteriolar limbs of 7 subjects — 14.5 mm. Hg to 45 mm. Hg, averag-e 30 mm. Hg 
20 venous limbs of 9 subjects — 10.5 mm. Hg to 47 mm. Hg, average 28 mm. Hg 

Capillary blood pressure in hypertensive subjects: 

6 arteriolar limbs of 5 subjects — 19 mm. Hg to 54 mm. Hg, average 32.7 mm. Hg 
4 venous limbs of 3 subjects — 16.5 mm. Hg to 43 mm. Hg, average 32.9 mm. Hg 

In both normal and hypertensive subjects the pressures are similar in both limbs of the 
capillary. 


TABLE V 

The effect of reactive hyperemia on the capillary blood pressure. Normal sized capillaries. Innervation intact 


Sub- 

are) 

Diagnosis 

Resting state 

Reactive hyperemia 


Sfcin i 
tern- ! 
pera- j 
ture 1 

Arterial 

pressure 

Capillary 
blood ; 
pressure j 

i 

Skin 

tem- 

pera- 

ture 

Arterial 

pressure 

Capillary blood 
pressure 

Duration of 
and area of 
ischemia 
preceding the j 
hyperemia 

Location in 
capillarj' 
where blood 
pressure 
was 

determined 

Reading 

"Mean" i 

i 

Reading 

"Mean" 

Readme 

Time of 
reading 
after on- 
set of 
hjmeremia 

H. B. 
(F.SI) 

EssentiaJ 

bypertenaion 

°c. 

34.1 

mm, Ht 
166/116 

mm, ffg 
141 

mm, Bg 

29,5 

‘C. 

34.0 

wm, ffg 
mflU 

mm, Bg 
137 

mm. Bg ; 
31 

seconds 

23 

S minutes, didt 

Summit 

(F.3S) 

Essential 

byperteusion 

3S.0 

166/122 

144 

1 23 

! 

1 35.0 

i 

166/122 

144 

19 

32 

5 minutes, dipt 

Arteriolar limb 

E.S. 
{F, 30) 

^sential 

bypertenaion 

35.0 

164/no 

137 

22.5 

1 33.7 
34.1 

! 164/110 
16S/112 

137 

140 

23 

21 

24 

24 

5 minutes, di^t 

5 minutes, digit 

Venous limb 
Venous li.mb 

M.E. 

(F,32) 

Normal 

[ 

I 33A 

U6/7S 

97 

263 

32.7 

IIS/SO 

99 

223 to 
25.0 

: « 

S minutes, digit 

Summit 
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TABLE VI 


The effect of reactive hyperemia on the capillary blood pressure. Abnormally large capillaries. Innervation intact 


Sub- 

ject 

(Sex, 

age) 

Diagnosis 

Resting state 

Reactive hyperemia 

Location in 
capillary where 
blood pressure 
was determined 

Skin 

tem- 

pera- 

ture 

Arterial 

pressure 

Capil- 

lary 

blood 

pres- 

sure 

Skin 

tem- 

pera- 

ture 

Arterial 

pressure 

Capiliary blood 
pressure 

Duration of 
and area of 
ischemia 
preceding the 
Jiyperemia 

Reading 

■ 

Reading 

"Mean" 

Reading 

Time of 
reading 
after on- 
set of 
hyperemia 



”C. 

mm. Hg 

mm. Hg 

mm. Hg 

“C. 

mm. Hg 

mm. Hg 

mm. Hg 

seconds 



C. M. 

Raynaud’s 

26.S 

132/88 

110 

22.5 

28.6 

132/88 

110 

24 

3S 

5 minutes, digit 

Venous limb 

(F. 29) 

disease 





30.0 

132/88 

no 

26 

30 

5 minutes, forearm 

Venous limb 



32.7 

120180 

100 

28 

30.3 

120/80 


33 

45 

5 minutes, digit 

Summit 



33.6 

120/86 

103 

30.5 

33.6 

mntmrm 


36 

30 

5 minutes, digit 








32.8 


101 

28 

25 

5 minutes, forearm 

Summit 







32.2 

126/82 

104 

32 

25 

5 minutes, digit 



Raynaud's 

31.1 

120/82 

101 

19.5 

32.6 

130/84 

107 

20 

20 

5 minutes, forearm 

Summit, venous 


disease 











limb (different 

mnn 












locations) 

■ 


32.3 

125/86 

106 

19.5 

32.3 

125/86 

106 

2I.S 

24 

5 minutes, forearm 

Venous limb 


sultant average capillary blood pressures in both 
the arteriolar and venous limbs were higher in 
hypertensive than in normal subjects: arteriolar 
limb — normal 34.2 mm. Hg, hypertensive 46.6 
mm. Hg; venous limb — normal 30.7 mm. Hg, 
hypertensive 41.5 mm. Hg. 

Due to the disproportionately greater increases 
in venous limb pressure than in the arteriolar limb 
pressure, the gradient of fall of pressure from 
arteriolar limb to venous limb was less steep dur- 
ing the erythema produced by histamine than 


during the usual moderate digital vasodilatation. 
In the few normal subjects studied, this gradient 
was 3.5 mm. Hg and in the hypertensive subjects, 
5.1 mm. Hg (Figure 6). The local blood flow 
during this erythema is believed to be much in- 
creased. During the histamine flare, the arteriole 
blood pressure in both normal and hypertensive 
subjects was not significantly altered from that 
during moderate digital vasodilatation alone (Fig- 
ure 4). In the normal subjects, the average ar- 
teriole blood pressure during the resting state was 


TABLE VII 

The effect of reactive hyperemia on the capillary blood pressure. Abnormally large capillaries. 

Sympathectomized extremity 


Sub- 

ject 

(Sex, 

age) 

Diagnosis 

Resting state 

Reactive hyperemia 

Location in 
capillary where 
blood pressure 
was determined 

Skin 

tem- 

pera- 

ture 

Arterial 

pressure 

Capil- 

lary 

blood 

pres- 

sure 

Skin 

tem- 

pera- 

ture 

Arterial 

pressure 

Capillary blood 
pressure 

Duration of 
and area of 
ischemia 
preceding the 
hyperemia 

Reading 

"Mean” 

Reading 

"Mean" 

Reading 

Time of 
reading 
after 
onset of 
hyperemia 

C. M. 
(F, 29) 

Raynaud's 

disease 

(post 

sympa- 

thectomy) 

“C. 

30.7 

32.3 

32.4 

mm. Hg 
114/68 

116/68 

126/86 

122/82 

mm. Hg 

91 

92 

106 

102 

mm. Hg 
27 

22.5 

29.5 

26 

II 

mm. Hg 
114/68 

116/68 

126/86 

128/86 

122/82 

120/78 

mm, Hg 

91 

92 

106 

107 

102 

99 

mm. Hg 
19 

27 

22.5 

24.5 

19 

22 


5 minutes, digit 

5 minutes, digit 

5 minutes, digit 

5 minutes, forearm 
10 minutes, digit 

10 minutes, digit 

Summit — flow 
seemed more slow 
Venous limb 

Venous limb 

F. G. 
(M, 32) 

Raynaud’s 

disease 

(after 

sympa- 

thectomy) 

31.4 

30.4 

31.4 

31.4 

32.8 

30.8 

29.4 

114/70 

114/74 

114/74 

122/86 

117/76 

128/88 

126/82 

92 

94 

94 

104 

97 

108 

104 

IS 

14 

13.5 

28 

17.5 
21-28 

18.5 

31.4 

32.4 
31.9 
31.9 

31.4 
32.2 
324 

29.4 

114/74 

126/86 

130/94 

130/94 

116/74 

124/86 

128/88 

126/82 

94 

106 

112 

112 

95 

105 

108 

104 

12.5 

15 

IS 

14 

17 

14 

20.5 

18.5 

20 

35 

25 

30 

20 

30 

22 

72 

5 minutes, forearm 
5 minutes, digit 

5 minutes, digit 

5 minutes, digit 

10 minutes, digit 

5 minutes, digit 

10 minutes, digit 

10 minutes, digit 

Summit 

Summit 

Venous limb 
Summit 

Venous hmb 
Venous limb 
Summit 
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52.7 mm. Hg, during the crj-thema 49.9 mm. Hg, 
and in the hj'pertcnsivc subjects, 51.9 mm. Hg and 
58 mm. Hg, respectively. 

During a single experiment, the capillarj' blood 
pressure in the same location in a given capillary 
was measured, both before and after the produc- 
tion of a histamine-flare. In 3 normal subjects 
and 6 hj-pertensive patients, approximately equal 
changes were induced in the capillarj' blood pres- 
sure by the histamine-flare (Figure 7). No cor- 
relation c.xisted between the e.\tent of the change 
in capillar}' blood pressure and the mean arterial 
pressure. 


Relation oj capillary blood pressure to mean 
brachial arterial pressure 

Neither in normal nor in hjqiertensive subjects 
was there any correlation between the digital capil- 
lar}' blood pressure and the systolic, diastolic, or 
mean arterial pressures. This maintained for the 
range as well as for average values, and for pres- 
sures in both the arteriolar (Figure 8) and venous 
limbs (Figure 9). The lack of correlation was 
emphasized by the finding of almost equal digital 
capillary blood pressures in 2 patients. In one, the 
brachial arterial pressure was imobtainable (aneu- 
r}'sm), in the other the mean arterial pressure was 



Fig. 6. Digitai. Capillary Blood Pressure Measured dupjxg Local HypEREiOA or 
HisTAinxE IN Nopalal and Hvperteksive Subjects 
C apillary blood pressure in normal subjects: 

5 arteriolar limbs of 4 subjects— 26i mm. Hg to 43.5 mm. Hg, average 342 mm. Hg 
5 venous limbs of 5 subjects— 11 mm. Hg to 42 mm. Hg, average 302 mm. Hg 
Capillary blood pressure in hypertensive subjects: 

11 arteriolar limbs of 7 subjects— 245 mm. Hg to 775 mm. Hg, average 46.6 mm. Hg 

12 venous limbs of 6 subjects— 245 mm. Hg to 65 mm. Hg, average 415 mm. Hg 

In both arteriolar and venous limbs capillary blood pressure is higher in hj-pertensive 
than in normal subjects. 
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Fig. 7. Digital Capillary Blood Pressure Measured in the Same Capillary Before and During a Local 

Histamine Flare in Normal and Hypertensive Subjects 
Increases in pressure in corresponding locations of the capillary seem as great in normal as in hypertensive subjects. 


201 mm. Hg. Lack of correlation between digital 
capillary blood pressure and arterial pressure per- 
sisted during the action of the above described 
digital vasoconstrictions and vasodilatations. 

In 4 hypertensive patients, no significant differ- 
ences were noted between the capillary blood pres- 
sures determined during the hypertensive state 
and those obtained when the arterial pressure had 
returned to normal (Table VIII). Reduction in 
arterial pressure occurred spontaneously in 2 pa- 
tients, accompanied unilateral nephrectomy in one, 
and in the fourth, followed bilateral subdiaphrag- 
matic splanchnicectomy and lumbar ganglionec- 
tomy (9). Although \ these determinations of 
capillary blood pressure were not made in the 
same capillary, nor in Ihe same location in the 
capillaries at the two levels of arterial pressure, the 


conditions were otherwise kept as nearly similar 
as possible. 

While under observation, a moderately hyper- 
tensive patient developed local arterial disease 
which obliterated the arterial pulsations in the left 
upper extremity, thereby making indirect deter- 
minations of arterial pressure impossible. In the 
contralateral right arm, the arterial pressure re- 
mained moderately elevated. With the circula- 
tion to each upper extremity in moderate vaso- 
dilatation, the digital capillary blood pressure (de- 
termined largely in venous limbs) was almost 
identical on the two sides (Table VIII). 

DISCUSSION 

These observations were made on capillaries m 
the nail-folds of the fingers. The conclusions de- 
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rived therefrom arc limited to this single area and 
are not to be applied to capillaries in other regions 
of the body or to the circulation as a whole. In 
other areas, there may not be a duplication of the 
peculiarities of anatomic structure (10) (arteriole- 
venule anastomoses), or of labile physiologic re- 
acth-ity found in the vascular system of the digits. 
To draw generalized conclusions from data ob- 
tained in this single, specialized area does not 
seem justifiable. It is to be understood that the 
following discussion pertains to one area alone, 
the nail-folds of the fingers. 


In both normal and hypertensive subjects, there 
was a wide scattering and overlapping of the capil- 
lary blood pressures for each location in the capil- 
lary*. This persisted even during procedures ie.g., 
reflex vasodilatation) designed to produce a stand- 
ard, reproducible, state of the digital circulation. 
It is, therefore, difficult to justify general concepts 
based on average values. The data does, how- 
ever, indicate tire trend of digital capillary blood 
pressure under a variety of influences. 

The digital capillary blood pressure in all loca- 
tions in the capillary was both qualitatively* and 



PJG. 8. Digitai. CAPnxARY Buxv Peessdke IX THE Artemolae LrMBS or Subjects vrnm Ko?j.r.AL Arteeiai. 
Peessuhe CoirPAEED -mrs Peessctees i.x the Aetesioi„ar Ltirss of Hvferteksive Patiexts 
The capillarj' blood pressures vary over the same range in both groups of subjects. Due to multiple aneurysms, 
the brachial arterial pressure was unobtainable in the subject whose mean arterial pressure is recorded as zero. 
This does not exclude a substantial non-pulsatile arterial pressure. 




726 


LUDWIG W. EICHNA AND JAMES BORDLEY, III 


mm. 



Fig. 9. Digital Capillary Blood Pressure in the Venous Limbs of Subjects with Normal Arterial Pres- 
sure Compared with Pressures in the Venous Limbs of Hypertensive Patients 
The capillary blood pressures vary over the same range in both groups of subjects. The subject whose mean 
arterial pressure is recorded as zero is the one referred to in Figure 8. 


quantitatively similar in the normal and hyper- 
tensive subjects, and in the same individual or 
group, at various levels of blood pressure. This 
was so not only during the resting state but also 
during such physiologic influences as neurogenic 
vasoconstrictions, reactive hyperemia, variations 
in digital skin temperature between 27 ° C. and 
35° C., and reflex vasodilatation. Although these 
influences are known to alter markedly the blood 
flow to the digits (11-, 12), they induced in both 
normal and hVpertensive subjects only compara- 
tively small, and equal, changes (20 per cent to 25 
per cent of tliA initial value) in capillary blood 
pressure. The Resultant values did not fall clearly 
beyond the limitk determined when these influ- 
ences were not operating. Such changes as did 
occur were similar \n all locations in the capillary, 
except during refle^A vasodilatation, when the pres- 
sure in the veno”‘= ^’^b nf the canillary rose while 


that in the arteriolar limb remained unchanged. 
Only by raising the local venous pressure, was the 
digital capillary blood pressure consistently altered 
to values beyond the wide normal limits. Venous 
pressure was not measured in these subjects. 
Clinically, there was no evidence that it was in- 
creased in any subject. The above changes were 
similar at all ranges of arterial pressure. 

The data do not adequately clarify the mecha- 
nism by which these physiologic stimuli induce 
such great changes in digital blood flow without 
considerable change in capillary blood pressure. 
Perhaps the arteriole-venule anastomoses consti- 
tute one of the factors in this mechanism. By 
varjdng the calibre of the arteriole-venule shunts, 
and thus the amount of blood which by-passes the 
capillary, physiologic influences could alter con- 
siderably the blood flow through the digit without 
affecting significantly the digital capillary blood 
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pressure. Also, the digital blood flow derives 
from the sum of the flows through a large number 
of small peripheral vascular units. A relatively 
small change in a function of each small unit, when 
multiplied by the large number of units, could 
account for a considerable change in some function 
(such as blood flow) of the digit as a whole. 

It is significant for the maintenance of the 
passage of normal amounts of fluid across the 
capillaij' membrane that there be a mechanism 
whereby the capillarj' blood pressure remains rela- 
tively unchanged during the considerable altera- 
tions in blood flow which accompany physiologic 
stimuli. The essentially similar capillar)’ blood 
pressure in the digits of both normal and hyper- 
tensive subjects indicates an increased steepness 
of the gradient of pressure in the hypertensive 
subject; and locates it between the arter)’ (ele- 
vated pressure) and capillary (normal pressure), 
presumably in the arteriole. The increased pres- 
sure-gradient is apparently due to the increased 
resistance in the arteriole. This is in harmony 
'vith the present concept that the increased gen- 
eral vascular resistance in hypertension is arte- 
riolar in origin. The 50 per cent greater average 
gradient of pressure from arteriolar limb to ve- 


nous limb of the capillary in hypertensive subjects 
may suggest that the capillaries also contribute to 
the increased vascular resistance in hypertension. 
This consideration was discarded because of the 
wide scattering of values in both groups of sub- 
jects and the failure of capillary blood pressure 
to show any relationship to the arterial pressure. 
Certainly, the overwhelming portion of the in- 
creased vascular resistance in the digits of the 
hypertensive subjects is arteriolar in origin. 
These data do not indicate the nature of the in- 
creased arteriolar resistance, whether frmctional 
(constriction), or the result of some disease 
process. 

If vasodilating procedures relaxed fully the 
vascular resistance of both hypertensive and nor- 
mal subjects, then, due to the greater arterial 
pressure, the capillary blood pressure in the hyper- 
tensive subjects should exceed that in normal 
subjects. The three vasodilating procedures em- 
ployed, reflex vasodilatation, reactive hyperemia, 
and histamine injected locally, all produced vaso- 
dilatation through relaxation of vascular resis- 
tance. These few experiments suggested that 
only the locally injected histamine appeared to 
relax, at least to some extent, the increased vas- 


TABLE vni 


Capillary blood pressure in the same individual during stages of elevated and louvered arterial pressure 


Sabjict 

(3«. 

Diagnosis 

Hypertcajivc stage 

Stage of lowered blood pr^sure 

tem- 

pera- 

ture 

Arterial pressure 

Capillary blood pressure 

tem- 

pera- 

ture 

Arterial pressure 

Capniary blood pressure 

Lowering oT arterial 
pressure due to 

Read- 

ing 

"Mesa” 

Arte- 

riolar 

limb 

Su^ 

mit 

Tenoos 

Ihnb 

Read- 

ing 

“Mean” 

Arte- 

riole 

Arte- 

riolar 

limb 


Venous 

limb 

{P.30) 

Essential 

byp€rteason 

•c. 

29.1 

tan. Hg 
1W/9S 

tnn. Bg 
131 

tan. Bg 

nn. Eg 

mn.Eg 

14.12 

n 

nm.Hg 

116/78 

tan. Eg 
97 

mm. Eg 
50, 56 

nn. Eg 

nn. Bg 
26.5 

tnm,Eg 

Spontaneous eubsdesee 

(P.SS) 

Essential 

Hypertensioii 

3S2 

31.6 

192/114 

174/126 

153 

150 

49.5 

&3 

■ 

1 

33.1 
34.8 

34.4 

35.4 

34.2 

II 

105 

124 

101 

119 

123 

■ 

ZB 

47 

30 

22 

17 

24 

Bilateral splanchnic and 
lumbar sympathectomy 

J.B. 

0-L41) 

Snbaracbnoid 

hemorrhage 

31.4 

182/105 

144 

16, 13.5 

20il 

■ 

28.6 

28.5 

I4S/90 

135/85 

119 

111 

1 

23. 32, 
19,5 

23.27 

12 

Spontaneous ntridcnce 

M.ir. 

(M, 25) 

B| 



150 

■ 

20. 16 

20. 

13.5 



110 

■ 

8 

■ 

10. 22. 
14 

Left nephrectomy 

■ 


HiCHT aaif 

LOT AKU 


^R||| 

Essential 

hyperteaaon 

31.5 

32.0 

23.9 

148/106 

160/110 

160/110 

127 

135 

135 

29 

1 

16, 19 
11.5 

32.7 

33.2 

32.2 

33.3 

cot 

oblus- 

ab!e 

■ 

1 



7.5 

12.5 

19. 13 

11.5 

I/>cal arterial disease 
left arm pulse- 
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cular resistance of the hypertensive subjects, 
whereas reflex vasodilatation and reactive hy- 
peremia did not. Only during the hyperemia of - 
histamine did the capillary blood pressure in the 
hypertensive exceed that in the normal subject. 
During the physiologically induced vasodilata- 
tions of reactive hyperemia and reflex vasodilata- 
tion, the capillary blood pressure was essentially 
equal in the two groups. The data do not indicate 
whether the relaxation of the increased vascular 
resistance by histamine was complete or partial. 

In both normal and h)^pertensive subjects, these 
three vasodilating procedures caused a dispropor- 
tionately great rise in the capillary blood pressure 
in the venous limb. As a result, the increased digi- 
tal blood flow of vasodilatation was accompanied 
by a lower gradient of pressure through the capil- 
laries of the digit. Apparently, digital blood flow 
need not be proportional to the gradient of digital 
capillary blood pressure, and may be more closely 
dependent upon the patency of the arteriole- 
venule anastomoses. Dilatation of these struc- 
tures would increase the digital blood flow and, 
by raising tlie blood pressure in the venous limb 
of the capillary, reduce the gradient of pressure 
through the capillary. 

These studies suggest that there are mecha- 
nisms which maintain the digital capillary blood 
pressure within certain limits. These limits ap- 
pear not to be exceeded during the considerable 
changes in digital blood flow which result from 
the action of certain physiologic influences. Nor 
are these limits exceeded when a disease process, 
such as essential hypertension, markedly alters 
the pressure in the arteries. 

SUMMARY 

1. The digital capillary blood pressure for all 
locations in the capillary varied within wide 
limits, and was qualitatively and quantitatively 
similar in both normal and hypertensive subjects. 
This maintained during the following observa- 
tions which apply equally to both groups of sub- 
jects. 

a. Such physiologic influences as neurogenic 
vasoconstrictions, reactive hyperemia, reflex vaso- 
dilatation, and variations in skin temperature 
between 27° C. and 35° C., all induced such com- 
paratively small changes in the digital capillary 


blood pressure that the resultant values did not 
fall beyond "resting” limits. These changes were 
considerably smaller than the much larger altera- 
tions in digital blood flow known to occur under 
similar circumstances. 

b. Only during increases in local venous pres- 
sure did the digital capillaiy blood pressure con- 
sistently exceed "resting” values. 

c. Wide variations in digital capillary blood 
pressure persisted during reflex vasodilatation, a 
state during which digital circulation is considered 
to be full, standard, and reproducible. 

d. During vasodilatation, induced reflexly or by 
locally injected histamine, there was a dispropor- 
tionately greater increase in pressure in the venous 
limb than elsewhere in the capillary. The other 
states all influenced equally the digital capillar}' 
blood pressure in all locations of the capillary. 

2. No correlation existed between the digital 
capillary blood pressure and the arterial pressure, 
except perhaps during the hyperemia induced by 
histamine. 

3. Some mechanism maintains the digital capil- 
lary blood pressure within relatively fixed limits, 
even during marked changes in digital blood flow . 
and arterial pressure. 

4. The similarity of the digital capillary blood 
pressure of normal and hypertensive subjects 
indicates that in the digits the increased vascular 
resistance of hypertensive subjects is precapillary, 
presumably arteriolar. 

5. During the vasodilatation of reactive hy- 
peremia and reflex vasodilatation, the digital capil- 
lary blood pressure was essentially equal in both 
normal and hypertensive subjects; during vaso- 
dilatation induced by locally injected histarnine, 
the capillary pressure of the hypertensive subjects 
exceeded that in normal subjects. These few 
experiments may suggest that in the digits hista- 
mine appeared to relax, at least to some extent, 
the increased vascular resistance of hypertension, 
whereas reactive hyperemia and reflex vasodilata- 
tion did not. 

6. These data and the conclusions derived there- 
from apply only to the capillary blood pressure m 
the nail-folds of the fingers. 

The authors gratefully acknowledge their indebtedness 
to Mr. William A. Oktavec, Jr., for making the micro- 
pipettes and for his constant and most helpful assistance 
in this study. 
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A previous study (1) indicated that the digital 
capillary blood pressure was approximately equal 
in both normal and hj’pertensive subjects, not only 
during the resting state, but also during physio- 
logically induced vasoconstrictions and vasodila- 
tations. It was the purpose of this investigation 
to determine what happened to digital capillary 
blood pressure when h}'pertension was induced in 
subjects with normal arterial pressures. 

METHODS 

General. As in previous studies (1, 2, 3), all deter- 
minations of capillar}’ blood pressure were made on 
capillaries in the nail-folds of the fingers. The direct 
microinjection method (Landis) (4), modified as pre- 
viously described (2) , was employed. The general meth- 
ods, conditions, and precautions employed were fully 
described in a previous communication (2). 

Particular. At both the normal and elevated levels of 
arterial pressure, capillary blood pressure was always 
determined in the same location of the same capillary. 
Both levels of arterial pressure were obtained during a 
single observation period, throughout which the digital 
shin temperature was maintained constantly at levels of 
moderate digital vasodilatation (2). Temporary arterial 
hypertension of 45 to 60 minutes duration was produced 
by the intramuscular injection of 20 mgm. to 30 mgm. of 
paredrinol sulfate.^ This method was chosen because the 
h^ertension thus produced is not accompanied by a sig- 
nificant alteration in cardiac output, velocity of blood 
flow, basal metabolic rate (5), or skin temperature (6). 
Moreover, others have suggested that the h}'pertension 
induced by paredrinol sulfate ", . . presents a condition 
resembling clinical hypertension . . .” (S). 

The technical difficulties encountered in determining 
repeatedly the capillary blood pressure in the same loca- 
tion of a given capillary, limited these observations chiefly 
to the large capillaries of patients with Raynaud's disease 
and scleroderma. One normal subject, 2 patients with 
^ynaud's disease, and one with scleroderma served for 
this study. 


^Supported by a grant from The Commonwealth 
ond for the study of essential hypertension. 

‘ The paredrinol sulfate was kindly supplied by The 
mith, Kline and French Laboratories. 


All interruptions of the sympathetic innervation to the 
fingers were accomplished by operative preganglionic 
sympathectomy according to the method of Smithwick 

(7, 8). 

RESULTS 

Normal sized capillaries — Normal subject 

During the temporary hypertension induced in 
one normal subject, the digital capillary blood pres- 
sure in 3 capillaries remained within the limits 
determined for this subject when his arterial 
pressure was normal (Figure 1). The hyper- 
tension was associated with a decrease of 2 mm. 
Hg to 7 mm. Hg in the capillary blood pressure 
in these capillaries. In the arteriolar limb of a 
fourth capillary, the pressure rose by 19.5 mm. 
Hg (Figure 1). 

Abnormally large capillaries 

Sympathetic innervation intact. With the mean 
arterial pressure elevated to 140 to 150 mm. Hg, 
the digital capillary blood pressure usually dif- 
fered but slightly from that determined in the 
same 3 individuals at their normal mean arterial 
pressures of 100 to 110 mm. Hg (Figure 1). 
In 7 summits and venous limbs, the difference 
amounted to — 7,5 mm. Hg to 10-0 mm. Hg, 
and in one arteriolar limb, to -{- 22 mm. Hg (Fig- 
ure 1). Only this latter value exceeded the 
limits established for these subjects when their 
arterial pressures were normal. 

In 4 capillaries of 1 subject, the digital capillary 
blood pressure w-as determined during the in- 
duced hypertension and then redetermined at the 
height of the erythema of a histamine-flare, pro- 
duced at the peak of the h)'pertension. During 
the histamine-flare, the digital capillary blood 
pressure increased by 8 mm. Hg to 17 mm. Hg 
(Figure 1). The resultant values tended to ex- 
ceed the upper limits established under resting 
conditions in the same portions of these capil- 
laries at normal and elevated arterial pressures. 
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NORHAL LAR6E CAPiaARIES (RAYNAUD) 


Fig. 1. Relation Between Mean Arterial Pressure and Digital Capillary Blood Pressure Concur- 
rently Determined in the Same Capillary at Normal and Induced Hypertensive Levels of Arterial 
Pressure. Digital Innervation Intact 

First 4 determinations in normal sized capillaries of one normal individual. All other determinations in abnor- 
mally large capillaries of 3 subjects with Raynaud’s disease and scleroderma. The two values noted with a ques- 
tion mark may have been “arteriole” pressures rather than capillary blood pressures. 

Both charts are similarly plotted. 

The ordinates indicate in mm. Hg digital capillary blood pressure and mean arterial pressure. Along the 
abscissae, each unit of the graph represents a single capillary. The key in the upper left hand corner gives 
the symbols representing each type of blood pressure. 

The change in mean arterial pressure is indicated by the change in height of the white column. The change 
in digital capillary blood presure is indicated by the darker line connecting the various symbols for capillary 
blood pressure. At all times, concurrent determinations of capillary blood pressure and mean arterial pressure 
are plotted in the same abscissal space. 

Determinations under resting conditions are connected by solid lines. Determinations during local vasodilata- 
tion are 'indicated by the dotted lines. When vasodilatation was induced by histamine, there is a small H above 
the white column, when produced by reactive hyperemia, a small R tops the column. 

The final values did not exceed the range pre- pressure increased from normal to hypertensive 

viously determined in a larger group of subjects levels, digital capillary blood pressure in 5 capil- 

with normal arterial pressures (3). laries changed by —2 mm. Hg to + 7 mm. Hg 

Sympathetic innervation interrupted. Similar (Figure 2). Again, the final values remained 

results were obtained on the same 2 patients with within the range established for these subjects 

Raynaud’s disease after preganglionic sympathec- when their arterial pressures were normal, 

tomy of the upper extremity. When the arterial During the erythema of histamine-flares, pro-. 
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duced at the peak of the hypertension, digital 
capillar}’ blood pressure in 3 capillaries rose 4 
mm. Hg, 9 mm. Hg, and 13 mm. Hg (Figure 2) 
above the resting values, obtained at both normal 
and elevated arterial pressures. When reactive 
In-peremia was produced at the height of the 
hj-pertension, digital capillar}- blood pressure was 
less altered, changing by — 1 mm. Hg to + 4 mm. 
Hg in 3 capillaries and by +13 mm. Hg in a 
fourth (Figure 2). As a result, the final values, 
obtained during the histamine-flares at hyper- 
tensive arterial pressures, tended to exceed the 
limits of capillar}’ blood pressure for these pa- 
tients at their normal and hypertensive pressures. 
During reactive hyperemia at hypertensive arterial 
pressures, the final capillar}’ blood pressures were 
not significantly altered from the resting values 
at normal arterial pressures. 


DISCUSSION 

Since the experiments are few and the data 
not entirely uniform, general conclusions are not 
warranted. However, it did seem of interest that 
paredrinol sulfate produced in normal individuals 
a hypertension during which the digital capillary 
blood pressure remained essentially unchanged. 
This indicates an increased vascular resistance of 
precapillary origin, probably arteriolar in location. 
Since the digital capillary blood pressure during 
the hypertension induced by paredrinol was nor- 
mal and approximately equal whether the digits 
were S}Tnpathectomized or whether their innerv'a- 
tion was intact, the increased vascular resistance 
(and hypertension) was not produced by media- 
tion of the sympathetic nerv-ous s}"stem, at least 
not in so far as the fingers are concerned. 
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In several respects, the digital capillary blood 
pressure during hypertension induced by pare- 
drinol was similar to that in essential hyperten- 
sion. Each period of hypertension was associated 
with a normal digital capillary blood pressure ; an 
indication of an increased vascular resistance of 
precapillary origin. Each hypertensive phase was 
characterized by a failure of the digital capillary 
blood pressure to rise significantly during the 
vasodilatation of reactive hyperemia, though a 
considerable increase in pressure followed the 
local injection of histamine. Apparently hista- 
mine released, at least to some extent, the in- 
creased vascular resistance in the digits, whereas 
reactive hyperemia failed to do so. 

These points of similarity are not sufficient 
justification for considering the mechanism of 
essential hypertension to be similar to that in- 
duced by paredrinol sulfate. Other types of hy- 
pertension may produce similar changes in the 
digital capillary blood pressure. 

SUMMARY 

1. During the hypertension induced by pare- 
drinol sulfate in subjects with normal arterial 
pressures, the digital capillary blood pressure 
remained within the limits previously established 
for the same individuals when their arterial pres- 
sures were normal. 

2. This finding maintained equally for capil- 
laries in digits with- intact innervation and after 
preganglionic sympathectomy. 

3. At the height of the paredrinol-induced hy- 
pertension, the vasodilatation of local reactive 
hyperemia did not significantly alter the digital 
capillary blood pressure. The hyperemia of the 
histamine-flare was usually associated with a rise 


in the digital capillary blood pressure to values 
which just exceeded the pressures obtained during 
the resting state at both normal and elevated 
arterial pressures. 

The author wishes to thank Dr. Harris B. Shumacker, 
Jr., for performing the preganglionic sympathectomies of 
the upper extremity, and Mr. William A. Oktavec, Jr., 
and Miss Margot Robinson for technical assistance during 
the study. 
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THE INFLUENCE OF ALTERATIONS IN ACID-BASE BALANCE 
UPON TRANSFERS OF CARBON DIOXIDE AND 
BICARBONATE IN MAN ‘ 
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(Received for publication May IS, 1942) 


The output of carbon dioxide by the lungs is 
primarily dependent upon the oxidative metab- 
olism of the organism, and may, indeed, be used 
as a measure of oxidative processes under appro- 
priate conditions (1 to 3). It is well recognized, 
however, that augmentation or depletion of the 
large quantity of CO- stored within the body, 
which occurs during alkalosis or acidosis, may 
produce alterations in respiratory CO- output, 
independent of oxidative metabolism (4 to 7). 
Some attempts have been made to establish 
quantitative relationships between such changes 
in the output of CO- by the lungs and fluc- 
tuations of acid-base equilibrium within the 
organism. Shaw (8) measured the respiratory 
exchange of cats subjected to artificial ventila- 
tion with COj-rich mixtures, and correlated the 
COj exchange of the whole animal with varia- 
tions in blood CO- content. From such obser- 
vations, the amount of CO 2 absorbed by the 
tissues could be estimated. Irving and his co- 
workers (9, 10) made direct determinations of 
the CO 2 content of various tissues of dogs and 
cats overventilated with air and with CO 2 en- 
riched mixtures. They attempted to account 
for the net CO 2 exchange of the whole organism 
in terms of altered CO 2 content of blood, muscle, 
bone, and viscera. Applications of Shaw's tech- 
nique in an effort to determine the CO 2 capacity 
of the human body has been reported by Adolph, 
Nance, and Shiling (11). Their results were 
inconclusive, as rvere those of similar studies by 
Brocklehurst and Henderson (12), because it 
proved impossible to attain the equilibrium state 
required by the conditions of the experiments 
(13), In all of these investigations, acid-base 
change was induced either by overbreathing 

* A preliminary report was presented to the American 
^°cicty for Clinical Investigation in May 1940. J. Clin. 
Invest., 1941, 20 , 453 (Proc.). 

* Sterling Fellow. 


or by ventilation with C02-rich mixtures, pro- 
cedures ivhich primarily altered the concentra- 
tion of dissolved CO- in the body (14). No 
comparable studies have been reported con- 
cerning the influence of primary alteration in 
bicarbonate ion concentration upon respiratory 
CO 2 production. 

The present study deals with the effects of 
acidosis and alkalosis upon respiratory CO 2 
output in the post-absorptive state, when the 
oxidative metabolic mixture is relatively con- 
stant. Concentration of dissolved CO 2 in the 
body was increased by rebreathing, and de- 
creased by overbreathing; concentration of bi- 
carbonate ion was altered by sodium bicarbonate 
infusion, and by ammonium chloride ingestion. 
The respiratory production of C02 was found to 
be strikingly altered during primary change of 
the concentration of dissolved CO 2 but was little 
influenced by change of serum bicarbonate. 

EXPERIMENTAL PROCEDURES AND METHODS 

The experiments involving measurement of respiratory' 
exchange were carried out on normal male adults (the same 
subject was used in all but 2 experiments). The fasting 
subject came to the laboratory at about 8 a.m. and rested 
for one-half hour under basal conditions. The basal re- 
spiratory exchange was determined over a 10-minute period 
by the open circuit method, with the subject breathing 
through a rubber mouthpiece into a Tissot spirometer. 
Analyses of the expired air for CO- and oxygen were carried 
out in duplicate by means of a modified Haldane apparatus. 
The usual precautions were taken to avoid leaks and the 
apparatus was checked from time to time by’ analyses of 
atmospheric air. 

Venous blood samples for determination of serum COi 
content were obtained anaerobically, without stasis, im- 
mediately before the initiation of the procedure designed to 
alter acid-base equilibrium. In the overventilation experi- 
ments, as soon as the blood was in the syringe, the subject 
began to breathe into the spirometer at a ventilation rate 
about twice normal. After 5 to 10 minutes of over- 
breathing, a second venepuncture was made and the 
spirometer disconnected as soon as the blood sample had 
been obtained. The rebreathing experiments were carried 
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In several respects, the digital capillary blood 
pressure during hypertension induced by pare- 
drinol was similar to that in essential hyperten- 
sion. Each period of hypertension was associated 
with a normal digital capillary blood pressure ; an 
indication of an increased vascular resistance of 
precapillary origin. Each hypertensive phase was 
characterized by a failure of the digital capillary 
blood pressure to rise significantly during the 
vasodilatation of reactive hyperemia, though a 
considerable increase in pressure followed the 
local injection of histamine. Apparently hista- 
mine released, at least to some extent, the in- 
creased vascular resistance in the digits, whereas 
reactive hyperemia failed to do so. 

These points of similarity are not sufficient 
justification for considering the mechanism of 
essential hypertension to be similar to that in- 
duced by paredrinol sulfate. Other types of hy- 
pertension may produce similar changes in the 
digital capillary blood pressure. 

SUMMARY 

1. During the hypertension induced by pare- 
drinol sulfate in subjects with normal arterial 
pressures, the digital capillary blood pressure 
remained within the limits previously established 
for the same individuals when their arterial pres- 
sures were normal, 

2. This finding maintained equally for capil- 
laries in digits with, intact innervation and after 
preganglionic sympathectomy. 

3. At the height of the paredrinol-induced hy- 
pertension, the vasodilatation of local reactive 
hyperemia did not significantly alter the digital 
capillary blood pressure. The hyperemia of the 
histamine-flare was usually associated with a rise 
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out in similar fashion, except that a Douglas bag without 
valves, containing 80 to 100 liters of a 4.36 to 5.75 per cent 
COj-air mixture was substituted for the Tissot spirometer. 
Samples of air from the Douglas bag were taken for anal 3 'sis 
shortly before and immediately after the period of re- 
breathing. 

In the ammonium chloride experiments, measurement of 
respiratory exchange Avas carried out over 10-minute pe- 
riods, under resting conditions, at intervals (usually 45, 60, 
and 90 minutes) after the ingestion of 10 grams of NH^Cl 
in 0.5 gram enteric coated tablets. Blood samples for 
serum COa determination were taken 10 to 20 minutes 
before and immediately after each collection of expired air. 

Measurement of respiratory exchange during sodium 
bicarbonate infusion proved impracticable. Untrained 
subjects could therefore be emploj^ed and most of the 
experiments were carried out on convalescent patients. 
The volume of distribution of bicarbonate ion was studied 
following the administration of sodium bicarbonate intra- 
venously as a 4 per cent solution in distilled water. The 
dose ranged from 10 to 14 grams given over a period of 
10 to 45 minutes. In order to insure its quantitative ad- 
ministration, the bicarbonate solution Avas foIloAved by 200 
to 300 cc. of normal saline given through the same infusion 
set. Blood samples Avere obtained just before and at one 
or more intervals, 25 to 120 minutes after the end of the 
infusion. Complete urine collections Avere made over the 
period betAveen each pair of blood samples. Determina- 
tions were made of serum CO 2 content, serum chloride 
concentration, and, in some cases, serum sodium concen- 
tration. The urine specimens, preserved and, in some 
instances, collected under mineral oil, Avere analyzed for 
total. CO 2 content, chloride concentration, and, in sorne 
experiments, sodium concentration. In all experiments, 
the extracellular fluid volume of the subject Avas deter- 
mined by the thiocyanate method (15), Thiocyanate Avas 
usually administered on the evening before the bicarbonate 
infusion, so that change in extracellular fluid during the 
course of the experiment could be estimated from change in 
serum SCN concentration, as Avell as from the alterations 
in concentration of chloride and sodium in the serum. 

All chemical determinations Avere carried out in dupli- 
cate. Serum CO 2 content was determined by the method 
of Van Slyke and Neill (16), serum chloride by the Hald 
modification of Patterson's micromethod (16), serum so- 
dium by the method of Hald (17), urine sodium by the 
method of Butler and Tuthill (16), and urine chloride by 
the modified Volhard-Harvey titration (16). Thiocyanate 
Avas determined colorimetrically Avith ferric nitrate (18). 


acid-base change. The metabolic CO 2 production was then 
subtracted from the total CO 2 output during the period of 
acid-base change to give the non-mctabolic CO 2 production. 
The value for non-metabolic CO 2 thus obtained represented 
the net increase or decrease of CO 2 in the body as a Avhole, 
since urinary e.\cretion during the brief periods of over- 
ventilation or rebreathing Avas negligible, and the COt 
content of the urine following ingestion of ammonium 
chloride proved to be insignificant. 

Change in the amount of CO 2 contained Av'ithin the ex- 
tracellular fluids Avas calculated by multiplying change in 
the concentration of total CO 2 in the serum by the e.xtra- 
cellular fluid volume. In all of the experiments, except 
those dealing Avith the effects of NHiCl ingestion, blood for 
estimation of serum CO 2 content Avas draAvn immediately 
before and after the period over Avhich respiratory exchange 
AA'as measured. Consequently, the calculated alteration in 
extracellular fluid content occurred during the same interval 
OA'er Avhich the CO 2 balance of the Avhole organism was 
being measured. The difference betAveen extracellular 
change and change in the content of the body as a Avhole Avas 
allocated to the tissues. 

In the ammonium chloride e.xperiments, the first blood 
sample Avas draAvn at least 10 minutes before collection of 
expired air began, in order to av'oid possible overventilation 
during the measurement of respiratory e.xchange. The 
change in serum CO* content over the 10 minute respira- 
tory exchange period Avas interpolated from the alteration 
observed over the longer interval, Avhich Avas usually 20 
minutes and never exceeded 30 minutes. 

The volume of distribution of administered bicarbonate 
ion Avas calculated by means of the folIoAving formulae: 


ECFi = 


ECFi X CCl]i -f- ACl 
CC1]2 


(1) 


Avhere ECFz is the volume in liters of extracellular fluid at 
the end of the e.\'perimental period, 

ECFi is the volume in liters of extracellular fluid at the 
beginning of the experimental period, 

{^Clji is the concentration of serum chloride in milli- 
equivalents per liter at the beginning of the experiment, 
ACl is the amount of chloride in milliequivalents re- 
tained during the experiment, • _ 

and CCn 2 is the concentration of serum chloride in milli- 
equivalents at the end of the experiment. 

ECFi Avas also calculated from change in serum sodium 
and change in serum SCN by analogous formulae, substi- 
tuting CNa^ or [SCNj] for CCljj. 

AECF = ECFi - ECFu (2) 


CALCULATIONS 

The magnitude of change in respiratory CO 2 output pro- 
duced by altered acid-base equilibrium AA'as calculated as 
folloAvs: 

1. The respiratory quotient of the basal period Avas calcu- 
lated from the CO 2 output and o.xygen consumption of 
that period. 

2. The oxygen consumed during the period of acid-base 
change Avas multiplied by the)^. Q. of the basal period to 
give the oxidative or "metabolic” CO* production during 


Avhere AECF is the change in liters in the volume of extra- 
cellular fluid during the experiment, 

ACQs - AECFZCOiJi 
Thco, - ’ 

Avhere ThcOj is the volume of distribution of administered 
bicarbonate, ACO* is the CO* balance in millimols (total 
CO* given as bicarbonate less total CO 2 excreted in the 
urine), CCO 2 ]: is the serum CO* content in millimols per 
liter at the end of the e.xperiment and [IC02j] is the serum 
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CO" content in millimots per liter at the beginning of the 
experiment. 

The validity of such calculations of distribution volumes 
has been discussed by Bourdillon and Lavictes (19). 

RESULTS 

Ovcrvatlilalion 

The carbon dioxide e.xchangc during mild over- 
ventilation of 5 to 10 minutes duration was 
measured in 8 experiments. The results are 
presented in Table I A and Figure 1. It is 
apparent that in every experiment the total 


quantity of COj given up by the organism ex- 
ceeded the amount lost from the extracellular 
fluids alone. A portion must therefore have 
come from the tissue cells. 

The observed fall in serum CO 2 content was 
very small in the first three experiments; conse- 
quently, the cells were credited with a large 
contribution toward total expired COj. It ap- 
peared that the peripheral circulatory slowing 
known to occur during overventilation (20) w'as 
masking, in blood drawn from the arm veins, 
the true fall in serum C02 content-. Since to 


TABLE I 

Exchanges of COi during change of acid-hase balance 


Exx)eriin«it 

Duration 

Chance of 
eenim COi 
content 

Oij'fren 

consumption 

CO? pro* 

62«a] 

! 

Metabolic 

Noa-metalxoUc COi balance 

ductioa 

P-Q- 

CO2 output 

Total 

ot EOF 

of cells 


minuiis 

rofttrrei 
per ur.t 

cc. 

cc. 


cc. 

cc. 

CC. 

CC. 


A. LOSS OF CO: DURING OVERBRE.ATHING 


1» 

i 6.0 

2» 

6.0 

3* 

5.S 

4 

5.6 

5 

8.5 

6 

10.5 

7 

8.2 

8 

7.0 


-0.8 

1725 

-0.2 

1800 

-0.7 

1800 

-2.8 

1700 

-2.2 

2370 

-3.1 

2790 

-3.2 

2280 

-3.5 

2130 


2376 

0.78 

2298 

0.88 

2555 

0.86 

2044 

0.80 

2630 

0.81 

2836 

0.78 

2654 

0.81 

2388 

0.73 


1351 

-1025 

1587 

- 711 

1542 

-1013 

1364 

- 677 

1932 

- 698 

2181 

— 635 

1850 

- 804 

1562 

- 826 


-150 

-875 

- 33 

-678 

-117 

-996 

-466 

-211 

-367 

-331 

-518 

-137 

-534 

-270 

-515 

-311 


B. RETET^TIOK OF COi DUKIKG REBREATHIKG 


1* 

8.0 

+ 1.0 

2410 

1330 

0.78 

1871 

+ 541 

+155 

+ 386 

2* 

8.3 

-0.5 

2750 

1200 

0.91 

2511 

+1311 

- 85 

+1396 

3* 

7.5 

—0.4 

2153 

936 

0.87 

1867 

+ 931 

— 75 

+1006 

4 

8.3 

+3.4 

2749 

1361 

0.81 

2230 

+ 869 

+510 

+ 359 

S 

7.5 

+4.4 

2210 

1050 

0.82 

1803 

+ 753 

+660 

+ 93 

6 i 

10.7 

+2.0 

2920 

1700 

0.84 

2453 

+ 753 

+331 

+ 422 

7 

11.5 

+3.4 

2960 

1480 

0.82 

2427 

+ 947 

+567 

+ 380 


C# EXCHANGE OF COj FOLLOWING IKGESTIOK OF KH^CL 


6b 


+0.2 

2246 

1593 

0.73 

1642 

+49 

+ 33 

5a 


-0.4 

1933 

1542 

0.75 

1453 

-89 

- 67 

2 


—0.5 

2200 

1790 

0.80 

1753 

-37 

- 83 

5b 


+0.5 

1900 

1479 

0.75 

1428 

— 51 

+ S3 

8a 


+0.6 

1927 

1446 

0.77 

1489 

+43 

+100 

7a 


+0.7 

2234 

1578 

0.72 

1614 

+36 

+117 

7b 


4-1-0 

1947 

1485 

0.72 

1404 

-81 

+167 

7c 


— u. 

2089 

1469 

0.72 

1506 

+37 

-184 

6a 


—1,1 

2149 

1560 

0.73 

1571 

+ 11 

-184 

1 


—1,1 

2300 

1845 

0.80 

1849 

+ 4 

-184 

8c 


4-1.5 

1929 

1487 

0.77 

1490 

+ 3 

+217 

8b 


—1.6 

1954 

1538 

0.77 

1510 

-28 

-267 

6c 


— 1,6 

1932 

1444 

0.73 

1412 

-32 

-267 

3 


-f 1.7 

2160 

1726 

0.79 

1723 

- 3 

+283 

4 


+2.5 

1923 

1498 

0.77 

1497 

- 1 

+417 


* Peripheral vasodilatation not maintained. 
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CO2 

LOSS 

cc. 


OVERVENTILATION 



The total height of each column represents the total loss of nonmetabolic CO2. The 
solid portion represents the amount lost from the extracellular fluids. The unshaded 
portion indicates the amount lost from the cells. 


obtain mixed venous blood was hardly feasible, 
the samples were rendered approximately arterial 
in subsequent experiments by immersing the arm 
in hot water (21). Under these conditions, the 
observed change in serum CO 2 content increased 
and a more reasonable estimate of intra- and 
extracellular losses of CO2 was obtained (Experi- 
ments 4 to 8, Table I A). 

Rebreathing 

Seven experiments were carried out in order 
to study the effects of rebreathing a C 02 -air 
mixture for 5 to 10 minutes. The data are pre- 
sented in Table I B and Figure 2. In none of 
the experiments did the extracellular fluids ac- 
commodate all of the CO 2 retained by the body; 
hence, the tissue cells must have participated in 
the storage. In the first 3 experiments, local 
circulatory effects were even more apparent than 
in the observations on overventilation. Respira- 
tory CO 2 excess produces local vasodilatation 
(20) which may completely mask, in peripheral 
venous blood, the rise of CO 2 content associated 


with rebreathing. Blood drawn after rebreath- 
ing was uniformly brighter red than that ob- 
tained before rebreathing, although no mechani- 
cal stasis was utilized during either venepuncture. 
When peripheral circulatory changes were mini- 
mized by immersion of the arm in hot water 
throughout the experiment, a consistently greater 
rise in venous CO 2 concentration was observed 
and a more reliable estimate of extracellular 
retention of CO 2 was obtained (Experiments 4 
to 7, Table I B). 

Ammonium chloride ingestion 

The results of 15 determinations of carbon 
dioxide exchange following the ingestion of am- 
monium chloride are presented in Table I C and 
Figure 3. There was considerable fluctuation 
in serum CO 2 content in the first 2 hours after 
ingestion of NH 4 CI, with a general tendency for 
a fall to occur during this period. The sporadic 
increases of serum CO 2 content were attributed 
to erratic absorption of the enteric coated salt, 
and to probable stimulation of gastric secretion 
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(suggested by the occurrence of slight nausea in ide balance of the extracellular fluids and of the 
some experiments). No alterations in respira- subject as a whole under the conditions of these 
tory rate were obser%'cd during the experiments, observations. None of the discrepancies in COj 
nor was there significant variation in the volume exchange could be explained by urinary excre- 
of expired air collected in the spirometer over tion, since this was negligible. With a very few 
10-minute periods. Alterations in serum CO* exceptions, the fluctuations in respiratory output 
content could therefore be attributed with con- of carbon dioxide were extremely small, exceed- 
fidence to primarN’ alteration in bicarbonate ion ing 3 per cent of the total output for 10 minutes 
concentration. in only 3 instances, and never exceeding 6 per 

In all but 2 experimental periods, in which cent. If the change in extracellular CO 2 content 
serum COj was practically constant, the altera- had been reflected in the respiratory production, 
tion in serum CO* content indicated that the the observed changes would have been greater 
extracellular fluids had gained or lost quantities than 3 per cent in all but 1 period, and would 
of carbon dioxide, much in excess of any change have ranged from 6 to 28 per cent in all but 4 
in the CO- content of the whole organism as periods. 

measured by the respiratory_ output Indeed, Bicarbonate distribution 

some of the observations indicated that a con- 
siderable loss of COj from the extracellular fluid Data pertaining to the volume of distribution 
could occur while the respiratory output actually of bicarbonate ion, administered intravenously 
declined. There was, therefore, not even a as sodium bicarbonate in 7 experiments, are 
directional correlation between the carbon diox- presented in Table II and Figure 4. 



Fig. 2. Retextiok of COi During Rebreathing 

Total retention of CO- is represented by the total height of each column. The solid por- 
tion represents extracellular retention, the unshaded portion, intracellular retention. 


0 , 
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Fig. 3. Exchanges of CO2 Following Ingestion of NHiCl 

The CO2 balance of the extracellular fluids (whether positive or negative) is represented by the total height of 
^ch column. The corresponding CO2 balance of the body as a whole is indicated by the solid portion of the column. 
The vertical lines above the first 2 columns indicate change in total CO2 in excess of the extracellular change. 


In the majority of experiments, the volume 
through which the retained bicarbonate ion 
was distributed approximated the extracellular 
fluid volume of the subject as measured by the 
thiocyanate method. In the first experiment, 
bicarbonate space was apparently less than thio- 
cyanate space. However, in this instance, no 
estimation of\urinary chloride excretion was 
made. It is cl^r from the formulae given for 
calculation of diaribution volume that neglect- 
ing chloride excretion will, by increasing the 
value given A Cl In formula (1), increase the 
value of ECFo. This in turn will increase the 
value of A EOF (formula (2)), Too’ high a 
value for A EOF give too low a value for 
Fhco, in Formulat Ob-viously, therefore, 
the figures given fm bicarbonate space in Ex- 
periments la and lb are too low. Furthermore, 
the value obtained f« the same subject in the 
next experiment was ^considerably higher and 


agreed well with the distribution volume of thio- 
cyanate. The volume calculated for bicarbonate 
distribution in Experiment 4 may also be in 
error since, because of considerable difficulty 
with venepuncture, some stasis was employed. 
Interpretation is further complicated because the 
patient also received sodium sulfadiazine intra- 
venously in connection with another study. In 
4 of the remaining 5 experiments, agreement 
between bicarbonate space and thiocyanate space 
was very close. The discrepancy in Experiment 
3, carried out on a 37-year-oId woman suffering 
from an agitated depression, is unexplained. 

The possible summation of errors involved in 
the calculation of bicarbonate distribution vol- 
ume may amount to several liters. For this, 
there are two chief sources. The first lies in the 
estimation of change in extracellular fluid vol- 
ume, which depends upon small alterations in 
serum chloride, sodium, or SCN concentrations, 
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TABLE II 


The dislribulion of intravenous HCOt 


Experi- 

ment 

Sub- 

Sect 

Dura- 

Uon 

HCO* 

re- 

tained 

Change of fcnjm concentration of 

Change of ECF 
volume in liters 
calculated from* 

Volume of distribution 
of added HCOi in 
liters calculated from* 

Final 

extra- 

cellular 

fluid 

volume 

COj 

SCN 

Cl 

Xa 

SCN 

Cl 

Ka - 

SCN 

Cl 

Na 

1 ji ' 1 




n. ei*. per 

mtm. 

nt, e<2. Per 

m. eq. per 








.V 




lUer 

per cent 

liter 

liter 








la 

IDR 

25 

rm 

+ 7.7 


-5.0 



+0.8 



10.6 


17.5 

lb 

IDR 

75 

87.0 



-5.1 



+0.8 



12.3 


17.5 

2 

IDR 

6S 

83.4 

■f4.4 


-1.8 



+0.4 



16.0 


17.1 

3a 

Ba 

40 

121.1 

-1-4.9 


-1.0 



-0.05 



25.0 


15.9 

3b 

Ba 

120 

95.4 

d-3.9 


-2.0 






25.1 


15.8 

4 

Was 

30 

148.3 

-f6.6 


-1.6 


+ 1.2 

+0.5 


15.9 

19.7 


21.0 

5 

Wat 

90 

117.8 

-4-3.5 


-3.0 


-bO.8 

+0.4 


26.1 

30.0 


19.1 

6 

We 

40 

121.9 

-f4.1 

-0.47 

-2.4 

+ 2.0 

+0.9 

+0.4 

+0.7 

22.6 

26.6 

24.1 

19.7 

7 

Me 

60 

132.1 

-1-5.7 

-0.60 

-2.5 

+ 3.2 

+0.8 

+0.6 

+0.8 

18.2 

19.4 

18.2 

17.2 


' By formula (I) of text. ’ By formula (2) of text. 


during the experimental period. Change in 
serum chloride concentration rarely exceeded 3 
milliequivalents per liter. Since the possible 
error of each determination is approximately 
1 milliequivalent, the error of the difference be- 
tween 2 estimations may reach 2 milliequivalents 
per liter. Reference to formula (i) shows that 
the error in estimating ECF change may conse- 
quently reach 0.4 liter. This error in A ECF 
would produce an error of 2 liters in Fhco, 


(Formula (J)). The importance of this source 
of error is apparent in the last 4 experiments, 
where significant differences may be noted among 
the changes in extracellular fluid volume calcu- 
lated from thiocyanate, chloride, and sodium 
concentrations, respectively. When all three 
ions w'ere determined, the best agreement was 
obtained between thiocyanate space and sodium 
space. 

The second significant source of error lies in 



Fig. 4. Apparent Volume of Distribution of Intravenous Bicarbonate 

The volumes- of distribution of bicarbonate ion are reprinted by the solid columns. The extra- 
cellular fluid volumes of the subjects are indicated by the open columns. 
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estimating change in serum CO 2 content.' The 
error of the chemical determination is not more 
than 0.15 m.eq. per liter, so that the maximum 
error of the difference between 2 determinations 
is 0.3 m.eq. Reference to Formula (3) indicates 
that this possible error of 0,3 m.eq. will produce 
an error of about one liter in the calculated bi- 
carbonate distribution volume. Moreover, slight 
changes in peripheral blood flow can lead to 
change in venous serum CO 2 content, unrelated 
to bicarbonate administration. 

Since the respiratory output of CO 2 could not 
be measured over the relatively long periods 
required for determination of the distribution 
volume of administered bicarbonate, the possi- 
bility of alteration in the total CO 2 content of 
the organism due to changes in ventilation can- 
not be excluded. The occurrence of such changes 
would lead to an error in the estimation of the 
CO 2 balance (A CO 2 , formula (J)), which was 
taken as the difference between CO 2 adminis- 
tered intravenously as bicarbonate, and total 
CO 2 excreted in the urine. Retention of CO 2 , 
due to decreased ventilation, would therefore 
lead to an erroneously low value for the dis- 
tribution volume of bicarbonate. However, 
previous studies have shown that sodium bicar- 
bonate infusions either increase ventilation rate 
(22 to 25) or have no effect on the breathing 
(23, 26), Consequently, failure to measure re- 
spiratory production of carbon dioxide could 
lead only to erroneously high values for the dis- 
tribution volume of administered bicarbonate 
ion, but could not cause low results, 

DISCUSSION 

. Rebreathing and overbreathing, even when of 
brief duration, change the carbon dioxide content 
of the body considerably. A significant portion 
of the total change in CO 2 content is accounted 
for by altered concentration within the tissue 
cells. Since the primary effect of overbreathing 
or rebreathing is to lower or raise, respectively, 
the CO 2 tension of the blood (14), the presump- 
tion is strong that carbon dioxide can enter or 
leave the tissue cells in the form of dissolved 
CO 2 . Direct demonstration of cellular permea- 
bility to dissolved CO 2 has been accomplished 
by Lowry and Hastings (27), using isolated rat 


muscle. The existence of similar permeability 
in the intact animal is also suggested by the 
observations of Irving and coworkers (9, 10), and 
of Shaw (8, 13, 28). 

Free permeability of cell membranes to dis- 
solved CO 2 implies that, under equilibrium con- 
ditions, CO 2 tension in the extracellular fluids 
and in the cell water shall be equal. If CO 2 
tension is lowered in the blood and extracellular 
fluids by overbreathing, the tissues should give 
up enough CO 2 to lower the tension in cell water 
to the same' degree. Under these circumstances 
the amount of CO 2 lost from the ECF and cell 
water will be proportional to the respective 
volumes of these fluid compartments, except 
insofar as their CO 2 absorption curves may 
differ. Irving, Foster and Ferguson (29) have, 
shown that the CO 2 absorption curve of cat 
muscle is not dissimilar from that of the blood. 
It seems justifiable, therefore, to assume that 
under equilibrium conditions the contribution of 
the tissues in exchanges of dissolved CO 2 should 
be approximately twice that of the extracellular 
fluids, since their volumes are in a ratio of about 
2 : 1 (30). Failure to observe such proportion- 
ality in either the rebreathing or overbreathing 
experiments suggests that equilibrium was not 
attained. But a lag in exchange of CO 2 between 
cells and extracellular fluid may occur because 
of the absence of carbonic anhydrase from tissue 
cells (31). The exchanges between alveoli and 
blood and between blood and extracellular fluid 
on the other hand are enormously accelerated 
by the carbonic anhydrase present in red cells. 
Failure to attain equilibrium was therefore to 
be expected and the relative amounts of CO 2 lost 
from or gained by extracellular fluids and intra- 
cellular water are of little importance. 

The studies of bicarbonate distribution indi' 
cate quite clearly that the tissue cells are im- 
permeable to CO 2 bound as bicarbonate. This 
observation is in keeping with the demonstration 
by Lowry and Hastings (27) that the cells of 
isolated rat muscle, although permeable to dis- 
solved CO 2 , are impermeable to bicarbonate ion. 
Previous studies on human subjects by Palmer 
and Van Slyke (32) and by Hartmann and Senn 
(33) led to the conclusion that ingested or intra- 
venously administered sodium bicarbonate was 
distributed through the total volume of body 



INFLUENCE OF ACID-BASE BALANCE UPON TRANSFERS OF BICARBONATE 


743 


water. However, in neither investigation was 
account taken of urinary excretion of bicarbo- 
nate, nor was correction for expansion of extra- 
cellular fluid volume atterhpted. Neglect of 
either of these factors would give an erroneously 
high value for the calculated volume of distribu- 
tion of the administered bicarbonate Further- 
more, many of the obscrx'ations were on patients 
with acidosis and dehydration, whose serum bi- 
carbonate concentrations and axtracellular fluid 
volumes were subject to considerable change 
independent of bicarbonate administration. 

Shaw and Messer (28) have reported the 
changes of serum COs content in 5 cats following 
intravenous administration of sodium bicarbo- 
nate. Since ureteral ligation was carried out 
prior to injection of the hypertonic bicarbonate 
solution, the volume tlirough which the bicar- 
bonate was distributed can be calculated from 
their data, with the assumptions that no urinary' 
excretion occurred, and that enough water left 
the tissues to restore osmotic equilibrium be- 
tiveen cell water and extracellular fluid. If the 
volume of extracellular fluid in the cat is esti- 
mated to be 30 per cent of the body weight, the 
calculated values for the volume of distribution 
of bicarbonate ion range from 31.5 to 42.3 per 
cent of the body weight. Although these values 
must be considered approximations, they indi- 
cate that the bicarbonate space of the cat is far 
less than the total volume of body w'ater, but 
agrees fairly well with the volume of extracellular 
fluids. 

The possibility that cell membranes might ex- 
hibit a differential permeability to COj and 
bicarbonate ion was considered in 1920 when 
Jacobs (34, 35) reported a group of ingenious 
experiments on plants, protozoa, and amphibia, 
which suggested strongly that the cell mem- 
branes studied were penetrated much more rap- 
idly by carbon dioxide, than by bicarbonate ion. 
Jacobs also inferred from observations on taste 
sensation in man that carbon dioxide could enter 
mammalian cells which were relatively imperme- 
able to bicarbonate ions. Subsequently, Gesell 
(23, 36) supported Jacobs’ views concerning 
cellular impermeability to bicarbonate ion, but 
his observations were largely concerned with the 
permeability of the. respiratory center, and the 
evidence obtained was quite indirect or chiefly 


inferential. Gesell (37), and other advocates 
(38, 39) of the theory that the actixdty of the 
respirator}' center is chiefly determined by local 
hydrogen ion concentration, have argued on the 
basis of Jacobs’ observations that the apparent 
specificit}' of COj as a respirator}' stimulant is 
merely a manifestation of its rapid effect upon 
the intracellular pH of the center. The obser- 
vations reported here support Jacobs’ hypothesis 
concerning cellular impermeability to bicarbo- 
nate ion. However, recent investigations of 
respiratory function (40, 41) indicate that the 
respiratory responses to COj are not merely a 
manifestation of intracellular pH change. 

The effects of ammonium chloride ingestion 
differed strikingly from those of either rebreath- 
ing or overbreathing. Respiratory CO 2 output 
w'as not materially altered despite significant 
losses or gains of CO 2 by the blood and extra- 
cellular fluids. Since urinary excretion was neg- 
ligible, CO 2 leaving the extracellular fluids must 
have entered the tissue cells. The apparent 
paradox of an increase in cellular total CO 2 con- 
tent during fall in CO 2 content of the extra- 
cellular fluids is resolved when concentrations of 
bicarbonate ion and dissolved CO 2 are considered 
independently. Ammonium chloride acts as 
would the addition of hydrochloric acid to the 
blood. That is, it decreases bicarbonate ion 
concentration, but increases CO 2 tension (14). 
Depression of bicarbonate concentration in serum 
does not cause bicarbonate to emerge from the 
tissues, because of the impermeabilit}' of the cell 
membranes. The increased CO 2 tension, how- 
ever, results in transfer of dissolved CO 2 from 
extracellular fluids to the tissues. Consequently, 
the total CO 2 content of the blood falls, that of 
the tissues rises, and, by a sort of internal com- 
pensation, little or no CO- is left for excretion by 
the lungs. During periods when bicarbonate 
ion concentration increases, the reverse sequence 
of events probably occurs. With further de- 
pression of serum bicarbonate, and consequently 
greater increment in CO- tension, CO- excretion 
by the Jungs would presumably increase, due to 
stimulation of the respiratory' center. Acidosis 
cannot increase indefinitely without leading to 
overventilation. It is noteworthy, however, that 
many attempts to induce overbreathing by in- 
gestion of acid salts (26, 40, 42), and even by 
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infusion of mineral and organic acids (26, 42 to 
44), have produced most undramatic results. 

The influence of acidosis upon respiratory out- 
put of CO 2 appears therefore to depend upon the 
type of acid-base change involved. It is well 
recognized that during the development of or 
recovery from diabetic acidosis considerable de- 
pletion of serum bicarbonate may be unassoci- 
ated with overventilation (45, 46, 47). Ketone 
acids may well act like ingested ammonium 
chloride. They enter the blood stream from the 
liver (48) and liberate CO 2 from the bicarbo- 
nate of the extracellular fluid. But intracellular 
stores of CO 2 are preserved because bicarbonate 
cannot leave the cells and ketone acids that 
enter convert little intracellular bicarbonate 
to CO 2 , because they are so rapidly oxidized 
(49). Only when acidosis progresses and over- 
ventilation supervenes, will the bicarbonate of 
cells be depleted. An entirely different situa- 
tion exists when lactic acid is produced intra- 
cellularly. Cell bicarbonate is converted to free 
CO 2 which diffuses out into the extracellular 
fluids. Moreover, the lactic acid itself diffuses 
out of the cells to liberate more CO 2 extracellu- 
larly and the gas can only escape through the 
lungs. Because of the preponderant contribu- 
tion by the tissues, large increments in the 
respiratory production of CO 2 may be observed, 
with only relatively small changes in the CO 2 
content of serum (50). 

By virtue of their different distribution and 
diffusibility, the determinants of the acid-base 
system achieve a considerable degree of inde- 
pendence. Changes in the CO 2 content of the 
blood can be correlated with respiratory carbon- 
dioxide production and with the acid-base bal- 
ance of the organism as a whole only if the 
individual variation of each dimension of the 
system is taken into account. 

Because of the uncertain significance of re- 
spiratory quotients determined during alteration 
in acid-base equilibrium, the possibility of cal- 
culating metabolic CO 2 production from total 
CO 2 outpik, by correcting for the effects of acid- 
base chan^ should be considered. Since altera- 
tions of Coi tension are manifested throughout 
the body flu!|, they will usually have a greater 
influence up4 the respiratory output of CO 2 
than will varations in bicarbonate which are 


limited to the extracellular compartment, Non- 
metabolic CO 2 production' due to change of bi- 
carbonate ion may be readily calculated as the 
product of change in serum bicarbonate concen- 
tration by the extracellular fluid volume. But 
estimation of non-metabolic CO 2 related to 
change in CO 2 tension is subject to several 
important limitations. Determination of the 
CO 2 tension of the blood, either by analysis of 
alveolar air or by calculation from concentrations 
of bicarbonate and hydrogen ions in serum, 
involves a minimum possible error of 1.0 mm. 
of mercury. It can be shown that this error 
alone would make calculation of metabolic COj 
production over short periods quite unreliable. 
Moreover, this calculation requires a knowledge 
of the CO 2 absorption curve of the tissues, which 
has not been determined for man, and can only 
be approximated from the absorption curve for 
cat muscle determined by Irving, Foster and 
Ferguson (29). Finally, since the CO 2 tension 
of the tissues may well fail to attain equilibrium 
with that of the blood during rapid fluctuations 
in acid-base equilibrium, estimation of altera- 
tions in the carbon dioxide content of the tissues 
is rendered even more hazardous. Consequently, 
quantitative correction of overall respiratory 
CO 2 output for non-metabolic CO 2 does not seem 
feasible at present. 

STOIMARY AND CONCLUSIONS 

The influence of changes in acid-base equi- 
librium upon the output of carbon dioxide by 
the lungs was studied in human subjects. 

Overventilation produced large increments m 
respiratory output of CO 2 . A portion of the 
CO 2 was given up by the tissues. 

Ventilation with a C02-enriched air caused a 
marked diminution in the volume of CO 2 given 
out by the lungs. Part of the CO 2 retention 
was intracellular. 

Alterations of the CO 2 content of blood, pro- 
duced by ingestion of ammonium chloride, may 
be unassociated with any significant change m 
the output of carbon dioxide by the lungs. 

The volume of distribution of bicarbonate ion 
administered intravenously as sodium bicarbon- 
ate was found to approximate the extracellular 
fluid volume as determined by the thiocyanate 
method. 
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The observations indicate tiiat the tissue cells 
of man are freely permeable to dissolved molecu- 
lar COj, but arc impermeable to bicarbonate ion. 

The author wishes to express his gratitude to Dr. John 
P. Peters for invaluable guidance and criticism. 
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Considcrai>le controversy still exists as to the 
hemodj-namics associated with organic involve- 
ment of the valves of the heart in man. With re- 
spect to aortic insufficiency, Stewart (1), mainly 
on the basis of animal experiments, advanced the 
view that the collapsing pulse in this state is due 
to an increased blood flow through the capillaries 
following reflex inhibition of the vasomotor center, 
and not to regurgitation into the left ventricle. 
Hill and Rowlands (2), in order explain the ap- 
parently greater blood pressure in the lower ex- 
tremities as compared with that in the arms, pos- 
tulated that the leg arteries are held in a con- 
tracted state, so that the brain might receive a 
sufficient supply of blood. However, Gladstone 

(3) , also on theoretical grounds, came to the oppo- 
site conclusion, that the average rate of flow to 
the hand, arms, and kidneys is less than normal, 
while the legs receive a disproportionately large 
share of the total output of the heart 

In relation to the problem of hemodynamics in 
mitral stenosis, the experimental work has for the 
most part consisted of cardiac output studies. 
The results, however, have been contradictory, 
some of the investigators (4, 5) observing a de- 
creased, and others (6, 7), a normal minute vol- 
ume output in this state. With respect to the 
peripheral circulation, Meakins and his associates 

(4) reported a diminished oxygen saturation and 
increased carbon dioxide content of venous 

blood from the arm. On the basis of these find- 
ings, they concluded that in this state the resting 
muscles in the extremities are partially deprived 
of their normal complement of arterial blood, in 
order that more essential organs might obtain an 
adequate supply of oxygen. According to them, 
some of the general symptoms observed in patients 
with mitral stenosis, such as cyanosis, weakness, 
nnd fatigue, are reflections of the diminished rate 
of peripheral blood flow. Stewart and his col- 
laborators (8) studied the arm-to-tongue circula- 


tion time and noted that the average velocity of 
blood flow was somewhat decreased in this state. 

Since the above vdews are for the most part 
contradictory or based on theoretical considera- 
tions, it was thought worthwhile to study the ac- 
tual rate of peripheral blood flow in aortic insuf- 
ficiency and mitral disease by means of the venous 
occlusion plethysmographic method. 

METHOD 

The study was performed upon 29 ambulatory patients 
with aortic insufficiency, resulting from either rheumatic 
or siTshilitic infection, and upon 16 patients with stenosis 
of the mitral valve of rheumatic origin. Subjects with 
such complicating factors as congestive heart failure or 
double vaUmlar lesions were excluded. All of the- pa- 
tients with aortic insufficiency demonstrated a wide pulse 
pressure, the characteristic blowing diastolic murmur in 
the second intercostal space to the right of the sternum, 
and the left ventricular enlargement. In some, a capil- 
lary pulse was also present. In the case of the patients 
with mitral valvular disease, the typical presystolic mur- 
mur at the apex and the enlargement of the left auricle 
and bulging of the conus region (as demonstrated by 
fluoroscopy or x-ray) were always present. 

Blood flow determinations, in cc. per minute per 100 ca 
limb volume, were obtained separately in the hand, fore- 
arm, and leg, according to the technique previously de- 
scribed (9) . The bath temperature (temperature of 
water in plethysraograph) was maintained at 32® C. and 
the room temperature between 25° and 27° C. The pro- 
cedure generally followed consisted of placing a hand and 
a contralateral forearm or leg into plethysmographs and 
recording 15 to 20 resting control blood flow readings of 
the 2 extremities over a period of approximately 1 hour. 
Then, in the majority of patients, the local circulatory 
response to a specified amount of exercise was studied. 
With the forearm in the plethysmograph, the pressure in 
an air-filled 5 gallon bottle was raised to a definite level 
(60 to 70 mm. Hg) by means of ipsilateral manual com- 
pression of a blood pressure bulb. The work was per- 
formed in a period of approximately 1 minute. Imme- 
diately after the termination of the exercise, blood flow 
readings were taken at short intervals (every 10 or 15 
seconds at first and later every 30 seconds) until the 
local circulation had returned to the control resting level. 
From these determinations, a graph was constructed, and 
by means of a planimeter the quantity of excess blood 
flow, over and beyond the amount which would ordinarily 
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have entered the forearm at rest, was obtained (10). 
The figure was expressed as the blood flow repayment 
per 100 cc, limb volume. The same procedure was per- 
formed upon a series of 16 normal subjects, no attempt 
being made to eliminate the variable factor of physical 
fitness either in these or in the patients with valvular 
disease. 

RESULTS 

Examination of Table I reveals that for the 
most part the measurements of blood flow in the 


TABLE I 

Resting blood flow in aortic insufficiency 


Subject 

Age 

Etiology 

Blood 

minut 

liti 

Hand 

Bow in cc. 
e per 100 
lb volume 

Forearm 

per 

:c. 

Leg 

Blood 

pressure 


years 






M. C. 


Luetic 

5.8 


2.6 

158/30-0 

G. S. 

37 

Rheumatic 


1.3 

1.6 

112/30-0 

L. E. 

52 

Luetic 

3.4 

0.7 

0.5 

118/48 

M. C. 

48 

Luetic 

6.0 

2.5 


212/92 

0. H. 

33 

Luetic 

5.4 

1.1 


176/50 

H. S. 

22 

Rheumatic 

8.0 

1.4 


164/50 

I. R. 

35 

Rheumatic 

9.3 

1.9 

1.9 

124/74 

A. D. 

55 

Rheumatic 

8.1 

1.9 

1.8 

138/68 

E. B. 

59 

Luetic 

9.1 

2.5 

2.3 

166/48-0 

W.J. 

56 

Luetic 

5.0 

2.4 

2.0 

150/50 

R. G. 

41 

Luetic 


1.5 

2.0 

148/66-0 

G. P. 

55 

Luetic 


1.2 

1,4 

124/60 

J. H. 

38 

Luetic 


1.3 

1.5 

110/20-0 

S. M. 

65 

Luetic 


1.8 

1.8 

126/46 

J.D. 

44 

Luetic 


1.2 


128/82 

P. M. 

55 

Luetic 


2.0 

1.2 

194/76 

L. W. 

70 

Luetic 


3.1 

1.7 

212/40-0 

D.P. 

63 

Luetic 


1.7 

2.7 

180/82 

W. H. 

47 

Luetic 


1.5 

2.0 

108/30-0 

E. A, 

56 

Luetic 



1.6 

230/50 

C. S. 

59 

Luetic 


2.1 

1.5 

116/36 

S. D. 

42 

Luetic 


1.2 

0.8 

136/20-0 

J. L. 

63 

Luetic 


0.8 

0.7 

164/40-0 

S. R. 

55 

Luetic 


1.0 

0.9 

124/58 

P.S. 

21 

Luetic 


1.3 

1.0 

110/30-0 

E. R. 

53 

Luetic 


7.9 

3.6 

198/80-0 

R. M. 

15 

Rheumatic 


5.8 

3.0 

160/0 

C.J. 

24 

Rheumatic 


1.8 

1.2 

130/70 

R. S. 

19 

Rheumatic 


1.2 

2.1 

108/64 


hand in the patients with aortic insufficiency were 
either in the lower range of the readings for the 
normal group or definitely below it (the average 
being 6.7 cc. per minute per ^100 cc. limb volume, 
as compared with 9.3 cc. (o-' — 2.1) for the con- 
trol series).- In the forearmV of the 27 patients 
studied, 21 demonstrated blood\flow measurements 
which fell within the range ofVthe normal series 
(1.8 cc. per minute per 100 Vc. limb volume 
(cr — 0.7)), while 3 showed somewhat diminished 

= For controls, tlie results obtained iih a series of 90 
normal subjects, previously reported (111), were used. 


and 3, significantly increased readings. The aver- 
age for the whole group was 2,0 cc. per minute per 
100 cc. limb volume. In the leg, 16 patients 
demonstrated blood flow measurements which 
were within the range of the normal series (1.4 
cc. per minute per 100 cc. limb volume (o- — 0,5)), 
while 3 showed somewhat diminished and 6, sig- 
nificantly increased readings. The average for 
the whole group was 1.7 cc. per minute per 100 cc. 
limb volume. 

TABLE II 


Resting blood flow in mitral valvular disease 


i 

Subject 

Age 

Blood B< 
per mir 
100 cc 
voh 

Hand 

Dw in cc, 
lute per 
limb 
ime 

Forearm 

Blood 

pressure 

Circula- 

tion 

time 


years 




seconds 

R. S 

28 ! 

7.2 

1.0 

104/68 I 


J. D 

38 

5.2 

1.6 

120/70 

16 

H, S 

27 

4.8 

0.9 

114/80 


W.J 

17 

6.0 

1.5 

98/56 

IS 

E. L 

35 

8.0 

1.5 

110/64 


G. E 

13 

7.6 

2.8 

120/82 

9 

A. T 

61 

2.1 

1.1 

128/78 


M.S 

46 

6.4 

1.9 

106/70 

11 

M. M 

35 

7.2 

3.5 

124/70 

V 

B. L 

43 

8.2 

1.1 

110/80 


S. N 

33 

9.0 

1.9 

100/58 


D. R 

18 


1.3 

114/70 


F. B 

14 


2.5 

104/62 


J. Y 

IS 


1.2 

116/66 


J. C 

16 


1.3 

130/80 


L. C 

16 


i 1.7 

1 





Table II reveals that the rate of resting blood 
flow in the hand in the patients with mitral valvu- 
lar disease also fell, either within the lower range 
of that obtained for normal subjects, or somewhat 
below it (an average of 6.5 cc. per minute, pe^" 
100 cc. limb volume, as compared with an average 
control of 9.3 cc. (a — 2.1)). In the forearm, 
the readings were, for the most part, similar to 
those of the normal series (an average of 1-7 cc. 
as compared with 1.8 cc. (cr — 0.7)). Iri only 
occasional cases did the determinations fall beyon 
the control range. 

In respect to the response to a given quantity o 
work, in 10 of the 14 patients with aortic insu - 
ficiency, the excess blood flow elicited by the exer- 
cise was definitely greater than the average read- 
ing of 37.8 cc. per 100 cc. of limb volume for the 
control group, while in 4, the response was the 
same or less than this figure (Table III)- 
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mechanisms were responsible. The results with 
aortic insufficiency, therefore, do not support, the 
view of Jold and Suzman (13), who consider this 
state to be compatible with little or even practically 
no functional impairment. With respect to the 
response to exercise in mitral stenosis, Denm’g 
and Prodger (14) and Nielsen (7) have expressed 
the opinion that the cardiac output under these 
conditions does not increase in accordance with 
the greater oxygen demands, and hence the 
amount of work which 'will produce fatigue is 
much less than that in normal subjects. Our 
findings in reference to the peripheral circulation 
help to support this view. 

SUMMARY AND CONCLUSIONS 

Using the venous occlusion plethysmographic 
method, the rate of resting peripheral blood flow 
and the circulatory response to exercise were 
studied in a series of 29 patients with insufficiency 
of the aortic semilunar valves, and in 16 subjects 
with mitral valvular disease. 

The average circulation in the hand was found 
to be somewhat diminished in both series of pa- 
tients as compared with that for the control series, 
while the readings in the forearm and leg in the 
majority of the cases fell within the normal range. 

The post-exercise response of the blood vessels 
in the forearm to a specified amount of work was 
generally greater than that in the control group. 

It was concluded that, in the majority of the 
patients with aortic insufficiency or mitral valvular 
disease, no evidence was found to indicate that 
excessive vasodilatation or vasoconstriction exists 
in the vessels of the forearm or leg. 

On the basis of the results obtained with a pe- 
riod of exercise, it appears that either the com- 
pensatory circulatory mechanisms elicited by such 
a stimulus are not as effective as normal, that the 
work is performed with less efficiency, or possibly 
that both mechanisms are operating in this 
condition. 

The authors wish to express their appreciation to Mrs. 
W. Littleford for valuable technical assistance. 
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Heller’s (1) monograph, published in 1860, 
contains a scheme for the chemical examination 
of urinar}- calculi which has succeeded in holding 
the field for 80 years. This scheme is still repro- 
duced in standard textbooks and in general use 
in many clinics, if we may judge from the periodic 
literature (2, 3). 

Heller and his successors depended largely upon 
the use of mechanical means to separate the dif- 
ferent constituents of calculi, before proceeding 
to cart}' out their chemical identification. Such 
a method is doubtless ser\'iceable in dealing with 
large bladder stones, but is difficult to apply to 
small calculi of renal and ureteral origin such as 
those which make up the bulk of specimens in a 
modem clinic. The method is not well adapted 
to the study of stones which contain intimate mix- 
tures of certain constituents. 

During the present centurj’, analytical proce- 
dures have been improved and some of the ele- 
mentary facts at the basis of stone formation have 
been discovered, so that Heller's scheme is no 
longer capable of satisfying present-day require- 
ments. In recent years, a few articles have ap- 
peared, suggesting alternative procedures (4 to 
9), some of which are quantitative (10 to 13). 
To judge the adequacy of these analytical schemes, 
we may set up the following criteria: 

1- The tests used must be selected with regard 
to their simplicity and accuracy, and should be ap- 
plicable to small amounts of material. 

2. The scheme must be capable of analysing the 
mixtures which experience teaches us are likely 
to be found in naturally-occurring stones. 

3. The results must be at least roughly quanti- 
tative, if the specimen is to be adequately classified. 

The analytical schemes in the literature meet 
these criteria in varying degrees. Curiously 
enough, many of the authors, like Heller, make the 
asstunption that they are dealing rvith a single 
constituent, a simplification which is far from war- 
ranted and which may obviously lead to erroneous 

conclusions. 


In the present scheme, the object has been to 
test for the presence of ev-ery common constituent 
of urinary stones, so that each will be identified if 
present in sigm'ficant amounts. Where possible, 
the various constituents have been removed in 
consecutive steps, so that the chance of interfer- 
ence has been minimized. A sample of 5 to 10 
mgm. is adequate, although it is generally possible 
to obtain a useful result from as little as 1 to 2 
mgm. 

The reagents are conveniently kept in 30 ml. 
dropping bottles with ground-in pipettes and nip- 
ples. The tests are carried out in 15 ml. centri- 
fuge tubes, in volumes of 0.2 to 0.5 ml. In this 
way, consecutive separations may easily be made 
by use of the centrifuge. 

REAGENTS 

Hydrochloric Acid, Concentrated. 

Nitric Acid, Concentrated. 

Ammonium Hydroxide, Concentrated. 

Z per cent Ammonium Molybdate. 

Messier's Reagent. 

Sodium Acetate, Saturated Solution. 

2 M Ammonium Chloride— -10.7 grams NH.Q dissolved 
in 100 ml. of water. 

0.4 M Oxalic Acid— 5.0 grams C.H:0„ 2 H-O in 100 
ml. of water. 

1 M Disodium Hydrogen Phosphate — Dissolve 35.8 grams 
Na.HPO,, 12 H.O in 100 ml. of water. 

1 N Sodium Hydroxide. 

5 per cent Sodium Cyanide. 

Sodium Nitro-prusside Reagent. Dissolve 10 grams of 
the solid in 100 ml. of distilled water, adding 2 ml. 
ol concentrated sulphuric acid. 

Diaso Reagent. This must be freshly prepared by add- 
ing 0.3 ml. of 0.1 per cent Sodium Nitrite to 10 ml. 
of 0.1 per cent Stilphanilic Acid, which has been 
made up in a solution containing IS ml. of concen- 
trated Hydrochloric Acid per litre. 

PROCEDUTIE 

The stone is weighed, measured, and examined with 
the hand lens. Adherent blood is removed as far as 
possible. If necessary, the stone is sectioned to deter- 
mine its homogeneity. One or more samples are taken, 
depending on the uniformity of the stone, and reduced to 
powder in a small mortar. 
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1. Ignite some of the powder. Cystine, fat or wax, and 
blood clots will burn with a flame, if present in sufficient 
amounts. The purines glow without flame production. 
If no ash remains, it is unnecessary to carry out the 
tests for inorganic constituents, except for ammonia. 

2. Uric acid. Every sample should be tested for the 
presence of uric acid. The well-known murexide test is 
satisfactory. One milligram or more of the powder is 
treated with 2 or 3 drops of concentrated HNOj in a 
porcelain dish. The mixture is carefully evaporated to 
dryness, and heating continued until the colour change is 
complete. If the test is carried out on the water bath, 
uric acid gives first a yellow colour, which may be mis- 
taken for the reaction for xanthine. If heating is con- 
tinued a few minutes longer, xanthine shows no further 
alteration, but in the case of uric acid the colour changes 
to orange and finally to scarlet. On addition of a drop 
of ammonia, the uric acid oxidation product assumes a 
brilliant purple colour, while xanthine changes to orange, 
which becomes a red on further heating. 

Since uric acid may occur as ammonium urate as well 
as the free acid, the test for ammonia should be made. 
The powder is extracted with hot dilute HCl and the 
extract tested for ammonia as in Step 9. 

3. Xanthine. This substance may be identified as de- 
scribed in the previous paragraph. On account of its 
extreme rarity, a positive nittic acid test calls for con- 
firmation. Ehrlich’s diazo test may be used since uric 
acid is the commonest substance which might be mistaken 
for xanthine. A little of the powder is boiled with 1 to 2 
ml. of freshly-prepared diazo reagent, and a few drops 
of Normal NaOH are added. Xanthine couples with the 
reagant to produce a brilliant red wine colour. Uric acid 
gives no colour or a pale yellow, depending on the purity 
of the specimen. The test is not specific; it is given by 
many substances including the purines which are not 
substituted at positions 7 and 8. Its use, however, as- 
sures that uric acid will not be mistaken for xanthine. 
The test might serve to detect xanthine in the presence 
of uric acid. 

4. Cystine. A pinch of the powder is boiled with 2 to 
3 ml. of water, then treated with an equal amount of 5 
per cent NaCN solution. After S minutes, a few drops 
of sodium nitro-prusside solution are added. Cystine is 
indicated by a beautiful magenta colour. This test, de- 
scribed by Brand (14), is much quicker than the older 
method of recrystallizing from ammonia, and identifying 
the hexagonal crystals under the microscope. The solu- 
bility of the specimen in NHiOH and- in dilute HCl 
should be tested as a rapid means of confirmation, and 
as a test of its purity, since no other common constituent 
of calculi is soluble in both. Cystine stones, as a rule, 
contain only small traces of other .substances, and for 
ordinary purposes these do not need to be further iden- 
tified. 

5. Microscopic e.ran:inalion. This step is conveniently 
carried out at this time, in conjunction with Step 6. A 
little of the powder is mounted in water under a cover 
slip, and examined under the microscope. This gives 
added information as to the homogeneity of the speci- 


men, and may afford a clue as to its composition. The 
“triple phosphate" crystals of ammonium magnesium 
phosphate are sometimes easily recognized. Calcium ox- 
alate may often be recognized under the hand lens as 
sharp, knife-edged crystals; when powdered, the crystals 
fracture irregularly, so that under the microscope the 
fragments resemble broken glass. Though calcium car- 
bonate crystals may sometimes be recognized, other cal- 
cium salts arc often amorphous or difficult to identify. 

6. Test for carbonate. A little of the powder is placed 
on a glass slide and intimately mixed with a drop of 
water, to expel air bubbles. A cover slip, carrying a 
small drop of concentrated HCl is then inverted upon 
the powder. The evolution of CO; can be readily recog- 
nized under the microscope. 

Aside from this test for the identification of carbonate, 
which has been described by Newcomb (11), the be- 
haviour of the powder after the addition of acid is often 
characteristic, and sufficient to indicate its composition. 
Phosphates and carbonates go rapidly into solution, oxa- 
lates dissolve slowly, while uric acid is insoluble. Cys- 
tine, on contact with concentrated HCl, undergoes an 
instantaneous recrystallization which has been described 
by Wollaston (IS). 

7. Test for phosphate. A small amount — roughly 2 to 
3 mgm. — ®f the powder is dissolved in 3 or 4 drops of 
concentrated HNOs, by boiling in a test tube. The solu- 
tion is transferred to a centrifuge tube ^ and 3 or 4 drops 
of 3 per cent ammonium molybdate solution are added. 
A yellow precipitate indicates the presence of phosphate. 
This reaction may be slow, so that it is sometimes neces- 
sary to allow the tube to stand an hour or more before 
precipitation is complete. If proteins are present, they 
are thrown down by the reagent with formation of a 
white flocculent precipitate. 

Experience has shown that tests carried out in HNOj 
solution as described above are more sensitive than simi- 
lar tests carried out in HCl solution. When dealing with 
stones which contain large amounts of phosphate it^ is 
more convenient to use a portion of the HCl solution 
prepared in Step 8. When small amounts of phosphate 
are to be detected, however, such as are often present m 
calcium oxalate stones, HNOs solution is to be preferred, 
since HCl tends to increase the solubility of the phospho- 


molybdate. 

8. Separation of acid-insoluble material. About 5 to 
10 mgm. of the powder are boiled in a test tube with 1 
to 2 drops of concentrated HCl and a little water, unti 
the inorganic constituents have gone into solution. The 
solution is transferred to a centrifuge tube, diluted to 
about 0.7 ml., and insoluble residue is spun down. The 
supernatant fluid is removed with a dropping pipette and 
divided into two parts, or into three, if this solution is 
to be tested for phosphate. The insoluble residue, if 
any, is then examined under the microscope. It will usu- 
ally consist of cellular and other protein debris. Uric 
acid may be present, as well as yellow-coloured hemo- 


1 The powder may be dissolved by boiling in a Pyrex 
centrifuge tube, in order to avoid the necessity of transfer. 
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globin dcriotivcs. In stones from herbivorous animals, 
silica may be found. 

If the supernatant is cloudy, it may be necessary to 
filter with suction through a small filter paper, about 1 
cm. in diameter, supported by a filter plate. The filter 
should be washed with a few drops of water to avoid 
loss of the solutes. The clear fluid obtained by centri- 
fuging or filtration is known as Solution 1. 

9. Test for ammonia. To part of Solution 1, a few 
drops of Ncsslcr’s solution are added, sufficient to make 
the mi-xture definitely alkaline. The formation of a 
white precipitate is disregarded. An orange colour or 
precipitate indicates the presence of ammonia. Formalin 
interferes with this test 

10. Test for calcium oxalate. To another part of 
Solution I, add a few drops of saturated sodium acetate, 
until the acidity of the solution is brought to pH 5 ap- 
proximately, as indicated by Hydrion paper.- If calcium 
o.xalate is present it will be precipitated almost quanti- 
tatively. The solution is mixed, permitted to stand for 
IS minutes to allow complete precipitation, and the cal- 
cium oxalate thrown down in the centrifuge. The super- 
natant fluid (Solution 2) is transferred to another centri- 
fuge tube. 

This test for calcium oxalate is essentially that of 
Domansld (S). In our experience, the microscopic ex- 
amination of the precipitate, and the permanganate test 
for confirmation are unnecessary refinements. 

11. Test for non-oxalalc calcium. To Solution 2, a 
drop of ammonium chloride is added, to prevent the pre- 
cipitation of magnesium salts. Then 2 to 4 drops of 
oxalic acid solution are added, or sufficient to precipi- 
tate calcium which has not been precipitated in Step 10. 
Calcium, originally present as carbonate, phosphate, or 
citrate, is thrown dovrn at this stage. The mixture is 
stirred, allowed to stand for IS minutes, and centrifuged 
as before. The supernatant (Solution 3) is transferred 
to another centrifuge tube. 

12. Test for magnesium. To Solution 3, sufficient am- 
monium hydroxide is added to bring the pH to about 8, 
by Hydrion paper.® In order to make the reaction more 
sensitive, 1 or 2 drops of disodium hydrogen phosphate 
are also added. A crystalline precipitate indicates the 
presence of magnesium. The star-shaped crystals which 
form should be checked by microscopic examination. 
Carried out in this way, the test is sufficiently sensitive 
to detect the magnesium present in a small sample of 
bone. 


® Those who prefer the use of a liquid indicator may 
add a drop of 0.016 per cent solution of brom cresol 
green, then add the acetate solution until the color 
changes from yellow to green. In order to avoid in- 
creasing the volume it may be advantageous to place the 
drop on a white porcelain tile and use it as an external 
indicator. 

°A 0.5 per cent solution of phenolphthalein in 50 per 
cent alcohol may be used as an indicator for this step, 
preferred. 


DISCUSSION 

The method described above has certain novel 
features. Among these is the separation of the 
calcium into oxalate and non-oxalate fractions. 
Here the question of the qualitative detection of 
non-oxalate calcium is not the essential point, as 
experience has shotvn that it is present to some 
extent in practically every inorganic stone. On 
the other hand, it is sometimes important to have 
some idea of the relative amounts of these calcium 
fractions. If the separation is made carefully, in 
a semi-quantitative way, the volumes of the pre- 
cipitates may be compared after centrifuging. 
One can then decide by inspection whether one is 
dealing with a stone which is predominantly com- 
posed of calcium oxalate, or whether oxalate is 
present in traces in a stone of fundamentally dif- 
ferent nature. 

A more important feature of the scheme is the 
determination of the presence or absence of mag- 
nesium. Strangely enough, it has been customar}' 
to neglect this step in qualitative examination of 
calculi. For instance, Domanski (5) omits the 
differentiation between phosphates, and states that 
if .phosphate is present it is legitimate to assume 
the presence of calcium and magnesium phosphate. 
In our experience, this is not the case. There is 
an important group of phosphate stones which do 
not contain magnesium, as will be shown in the 
following paper. 

Finally, if w’e allow ourselves to make certain 
assumptions which are commonly made about the 
composition of inorganic stones, the method per- 
mits certain checks on the accurac}'- of the results. 

Thus, if magnesium is absent, carbonate or 
phosphate should be accompanied by non-oxalate 
calcium in at least equivalent amounts. Similarly, 
since ammonia probably means either ammonium 
urate or ammonium magnesium phosphate, if the 
former is absent the ammonia should correspond 
to the magnesium, at least in the case of stones 
caused by urea-splitting organisms. Experience 
tends to show that these rules are qualitatively 
valid, in an approximate way, for human material. 

During the four years in which the method has 
been in routine use in this laborator)’, no difficul- 
ties have arisen in its application. It is necessary 
to caution a technician using it for the first time 
against the use of too much of the powdered stone 
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for the analysis, or using the concentrated re- 
agents too freely, as salts may be formed in 
amounts exceeding their solubilities and so give 
rise to unexpected precipitates. 

One might imagine cystine being mistaken for 
calcium oxalate in Steps 8 and 10, as it would go 
into solution in dilute acid, and unless a very small 
specimen were taken, might precipitate on addi- 
tion of sodium acetate. In such case, no confu- 
sion should arise if ignition has been carried out 
beforehand in proper sequence. Wollaston’s crys- 
tals will also be recognized in Step 6. In actual 
work, no difficulty has been experienced on this 
score. 

A more serious problem is the identification of 
citrate, which has been reported in experimental 
rat calculi, but has not been found in significant 
amounts in human stones (16). There does not 
seem to be any test for the qualitative identifica- 
tion of citrate, suitable for routine use in the 
analysis of urinary calculi. 

SUMMARY 

1. A method for the qualitative chemical exam- 
ination of urinary calculi is described. 

2. The distinctive features of the method in- 
clude the separation of the calcium into oxalate 
and non-oxalate fractions, and the determination 
of the presence or absence of magnesium. 

BIBLIOGRAPHY 

1. Heller,, J. F., Die Harnconcretionen, ihre Entstehung, 

Erkennung, und Analyse mit besonderer Riicksicht 
auf Diagnose und Therapie der Nieren- und Bla- 
senerkrankung. Wein, Tendler u. Comp., 1860. 

2. Randall, A., Campbell, E. W., and Beeson, H. C., 

A simple method of chemical analysis of urinary 


calculi with a report of the chemical composition 
of a recent series. Urol, and Cutan. Rev., 1934, 
38, 29. 

3. Keyser, L. D., Recurrent urolithiasis: etiologic fac- 

tors and clinical management. J. A. M. A., 1935, 
104, 1299. 

4. Ranganathan, S., Chemical composition of urinary 

calculi in rats. Indian J. M. Research, 1930, 18, 
S99, 

5. Domanski, T. J., Renal calculi: a new method for 

qualitative analysis. J. Urol., 1937, 37, 399. 

6. Domanski, T. J., Analysis of urinary calculi. Am. 

J. Clin. Path., Tech. Suppl., 1938, 2, 157. 

7. Kamlet, J., Analysis of renal calculi. J. Lab. and 

Clin. Med., 1937, 23, 321. 

8. Higgins, C. C., and Mendenhall, E. E., Factors as- 

sociated with recurrent formation of renal lithiasis 
with report of new method for qualitative analysis 
of urinary calculi. J. Urol., 1939, 42, 436. 

9. Seifter, J., and Trattner, H. R., Simplified qualita- 

tive analysis of urinary calculi by spot tests. J. 
Urol., 1939, 42, 452. 

10. Newcomb, C., and McCarrison, R., The composition 

of vesical calculi. Indian J. M. Research, 1928-29, 
16, 1036. 

11. Newcomb, C., A scheme for the analysis of small 

urinary calculi. Indian J. M. Research, 1930, 17, 
735. 

12. Kya, L. T., The composition of vesical calculi. Chi- 

nese M. J., 1936, 50, 797. 

13. Brown, H., Micromethods for the quantitative analy- 

sis of urinary calculi. J. Lab. and Clin. Med., 
1939, 24, 976. 

14. Brand, E., Harris, M. H., and Biloon, S., Cystinuria. 

The excretion of a cystine complex which decom- 
poses in the urine with the liberation of free 
cystine. J. Biol. Chem., 1930, 86, 315. 

15. Wollaston, W. H., On cystic oxide, a new species of 

urinary calculus. Proc. Roy. Soc., London, 1810, 
100, 223. 

16. Schneider, H., and Steenbock, H., Calcium 

uroliths on a low phosphorus diet. J. Urol., 1940, 
43, 339. 


THE CLASSIFICATION AND CHEMICAL PATHOGENESIS OF 

URINARY CALCULI 

By JOHN F. McINTOSH 

(From the McGill Unifcrsily Clinic and Department of Medicine, Royal Victoria 

Hospital, Montreal) 

(Received for publication May 25, 1942) 


Qassifications of iirinarj’ calculi are of two 
sorts, simple and complex. Wollaston’s (1) 
scheme (1810), will serve as an e.xample of the 
former. He named 6 classes of stones; (1) uric 
add; (2) oxalate of lime; (3) phosphate of lime; 
(4) ammoniacal phosphate of magnesia; (5) fusi- 
ble calculus (a mixture of the last two) ; and (6) 
cj'stic oxide (cystine). One may observe that 
Wollaston named only one mixture in his scheme, 
and so solved the question of classifying mixed 
stones by neglecting it. Heller’s (2) classifica- 
tion (1860), which has been reproduced in count- 
less textbooks and profoundly influenced the lit- 
erature of the subject, is also one of the simple 
sort. It mentions 8 classes, some of them very 
rare or unimportant. The classifications used by 
numerous surgical authors who have treated the 
question of calculi in text-books or journal articles 
are often of the simple type. 

The tendency among analysts has been towards 
complex classifications. These are likely to list 
not only the simple chemical constituents but also 
the various mixtures which have been observed. 
A recent classification of this type is that of Do- 
manski (3), which makes use of 13 headings. 

It has become customary to speak of the stones 
as composed of carbonates, phosphates, or oxa- 
lates, so that attention is focussed upon the add 
radicals, rather than upon the salts as a whole or 
upon the metallic content. This tendency has had 
hvo unfavourable consequences. Attention has 
been directed away from the metallic elements, 
which happen to have far more physiological 
significance ; and in the case of phosphates, as w'e 
shall see, these stones have often been lumped in 
a single group, which, on the grounds of patho- 
genesis, should certainly be subdivided. Hence, 
while many tables of composition in the literature 
contain irrelevant detail, others omit facts of etiol- 
ogic significance. 

The present paper presents a classification based 


upon the chemical pathogenesis undertying stone 
formation and evidence supporting the clinical 
value of chemical analysis of urinary calculi. For 
the purposes of this article, it is unnecessary to 
consider anatomical defects, developmental or ac- 
quired, or pathologic processes, such as the papil- 
lary plaques described by Randall (4), although 
these may often have an important place in the 
pathogenesis of stones. It is generally recognized 
that an organic “matrix” can be demonstrated in 
most stones, but whether this "matrix” is "pri- 
mary” or “secondarj'^” is beside the point. The 
chemical mechanisms which concern us do not 
necessarily have to do with the earliest origin of a 
concretion, but rather with this question : Granted 
that a calculus has had its origin, what are the 
conditions which allow urinary solutes to continue 
to be deposited upon its surface? A widely ac- 
cepted view is the assumption that there is a 
"protective colloid mechanism,” which ordinarily 
prevents precipitation of sparingly soluble sub- 
stances from the urine. Derangement of this 
mechanism is supposed to permit the deposition 
of such substances as are present in excess of their 
solubility. Without examining this hypothesis in 
detail, it is fair to say that there is little direct evi- 
dence in its favour, and that the weight of experi- 
mental proof is against it (5, 6). The results of 
the present study lend it no support, for we do 
not find mixed stones containing all possible stone- 
forming constituents, nor miscellaneous mixtures, 
such as the "protective colloid” theory would lead 
one to expect. We find, as a matter of fact, a lim- 
ited niunber of combinations, not more than four 
or five, each of which would appear to depend 
upon a chemical mechanism of its own. 

The solubility in urine of any stone-forming 
substance is not a simple matter, since this solu- 
bility may deriate wddely from its solubility in 
pure water, depending upon tlie composition of 
the urine. It has been shown tliat urinary salts 
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have a marked effect upon the solubility of one 
another (7), and that complex formations some- 
times occur, leading to very considerable increases 
in solubility. Quantitative studies of these effects 
have been made by Hammarsten (8) and Medes 
(9). There is no reason to doubt that factors of 
this sort influence the amount of stone-forming ■ 
substances which the urine is able to hold in solu- 
tion, and that they may frequently determine 
whether a calculus will form and grow, or tend 
to regress. Hammarsten has demonstrated the 
importance of solubility effects in determining the 
genesis of experimental calculi in the rat (6), and 
in influencing their regression (10), with special 
reference to the importance of magnesium in the 
case of calcium oxalate stones. In dealing with 
the general question of solubilities, the importance 
of urinary pH is well known. 

Having briefly mentioned the principles which 
limit solubility in normal urine, we may now 
consider • those factors which determine whether 
these limits will be exceeded or not. Aside from 
the matter of urine volume, these are two in 
number, diet and intermediary metabolism. It 
will be worth while to examine each of these in 
relation to each type of stone. 

Uric acid stones. These stones usually consist 
of the free acid and are formed in acid urine. It 
is generally agreed that a strongly acid urine is 
the most important factor in their genesis — a be- 
lief supported by clinical experience (11) and ex- 
perimental work (12). The likelihood of such 
stones may be increased as a result of excessive 
purine in the diet, as shown by Hammarsten’s 
(12) experiments, or the uric acid may be of 
endogenous origin, as in cases of gout (11) and 
of leukemia (13). 

The mechanism underlying the formation of 
ammonium urate stones is not at all clear. Ham- 
marsten (14) is of the opinion that they may be 
formed independently of infection. 

Cystine stones. These are only to be found in 
cases of cystinuria, and are the best example of a 
type of stone due to a derangement of intermediary 
metabolism. In a well-marked case, the urine 
may contain 0.4 to 1.0 grams of cystine per day. 
Although part of this cystine is considered to be 
endogenous in origin, there is reason to believe 
that it is mainly exogenous and derived from 
dictarj’ methionine (15). If the urine is rendered 


strongly alkaline, the cystine may sometimes be 
kept in solution (16). 

Xanthine stotics. These stones are so rare in 
the human that little or nothing is known of the 
mechanisms underlying their formation. There is 
doubtless some derangement of purine metabo- 
lism, leading to excessive excretion of this sub- 
stance in the urine. 

Primary calcium stones. This term may be 
used to designate the large group of stones com- 
posed of calcium salts which are not the direct 
result of urinary tract infection. This group is 
an important one, making up more than half the 
total number of cases in many communities. The 
stones are composed of the calcium salts of oxalic, 
phosphoric, carbonic, and perhaps citric and other 
organic acids. A review of the literature leaves 
one with the impression that the grouping is a 
valid one, since the element calcium appears to 
play the chief role, to which the role of the acid 
radicals is subsidiary. There seems to be some 
reason to think that excessive urinary excretion 
of calcium is an important factor in the group as a 
whole. Such excess may have an extrinsic cause, 
such as diet or medication, and strong evidence 
has been adduced in favour of the hypothesis. On 
the other hand, the hyperexcretion may arise from 
internal disease or metabolic error, such as hyper- 
parathyroidism. Although it is suspected that 
such an excess is common, we do not know how 
often primary calcium calculi are accompanied by 
excessive urinary excretion of calcium in clinical 
cases. 

The literature of experimental calcium lithiasis 
is too complex and extensive to permit a summary 
to be brief and at the same time adequate. Avi- 
taminosis, especially a partial avitaminosis A has 
led to a high incidence of stone in the hands of 
most investigators (17 to 19). Hypervitaminosis 
D has also been successful, alone (20), and m 
combination with avitaminosis A (21). There 
seems to be good evidence that excessive calcium 
in the diet may be a factor in stone production 
(22, 23), although some investigators (24) pre- 
fer to regard an imbalance of the Ca : P ratio as 
the cause (24). Paradoxically, insufficient cal- 
cium in the diet may lead to greatly increased 
excretion of calcium in the urine ; low magnesium 
intake also tends to cause a negative calcium bal- 
ance, and if both elements are deficient in the 
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diet, Hammarstcn has obscnxcl summation of 
these effects ( 6 , 10). Tliese experiments are of 
the greatest interest, for she found that if the diet 
yielded a low urine pH, calcium oxalate stones 
were formed. With an increase in pH, she found 
an increase in calcium phosphate calculi, and she 
pointed out that others had found phosphate, car- 
bonate, and possibly citrate stones, when urine 
pH deriated towards the alkaline side. From 
these experiments, it would appear that hypercal- 
ciuria, however produced, is the determining fac- 
tor in the production of calcium stones, while the 
acid radical with which it is combined is largely 
dependent upon tlie pH of the urine. 

The relationship between hyperparathyroidism 
and calculi has been well studied (25 to 27). The 
decaldfication of bone, the hypercalcemia, and the 
excessive excretion of calcium in the urine are well 
established. Excessive excretion of phosphate 
also occurs (28). As pointed out by Albright, 
Aub and Bauer (29), these factors favor the for- 
mation of calcium phosphate stones. But Hunter 
and Turnbull (25) found carbonate present, while 
Barney and Jones (30) and Albright, Sulkowitch 
and Chute (31) have reported calcium oxalate 
stones. While these authors have not correlated 
the type of stone with the pH of the urine in these 
cases, the analogy to Hammarsten’s experimental 
work is unmistakable. 

Excessive urinary excretion of calcium may also 
occur following disease and injury of bone, and 
as a result of rarefaction incidental to bed rest and 
fixation of the limbs (32). Cases of this sort 
sometimes suffer from stones in the kidney pelvis. 
As the stones are radio-opaque and may arise 
independently of infection, they are presumably 
primary calcium stones. When these patients be- 
came ambulatory, the stones frequently disappear. 
This sequel is probably accompanied by a striking 
decrease in urinary calcium and by recalcification 
of the skeleton. Other causes of excessive excre- 
tion of calcium in the urine include hypervitamino- 
sis D, hyperthyroidism, and acidosis. These fac- 
tors are less definitely linked to urinary lithiasis. 
Cushing’s syndrome should also be mentioned. 

Flocks (33) has recently called attention to 
excessive calcium excretion in the urine of pa- 
tients suffering from calcium urolithiasis. He at- 
tnbuted two of his cases to hyperparathyroidism, 
others to intrinsic renal changes. No explanation 


could be found for the remainder. It seems un- 
likely that the excessive urinary calcium could be 
due to a dietetic cause, since control cases on the 
same diets failed to show excessive excretion. 
Organisms were found in the urines of all patients, 
some of them urea-splitting types. Hence some 
of the calculi may not have been primary calcium 
stones. His results have not been confirmed. 
But, even if they prove to be misleading, it is cer- 
tain that numerous human cases are to be observed 
in which primaiy calcium stones are associated 
with excessive urinary excretion of calcium. Can 
such stones arise w'hen calcium excretion is nor- 
mal? Although specific proof by quantitative 
urine studies is lacking, general clinical experi- 
ence would suggest that they can. If so, the fac- 
tors which influence the solubility of sparingly 
soluble calcium salts in urine assume great impor- 
tance (7 to 9). 

Magnesian stones. The importance of urea- 
splitting bacteria in the genesis of calculi was dis- 
covered as early as 1925 (34), and is now widely 
recognized. The literature seems to agree that 
P. ammoniac and P. Morgani are always ureo- 
lytic, and that organisms of the Micrococcus- 
Staphylococcus group are frequently so. Pseudo- 
monas aeruginosa (B. pyocyaneus) and H. influ- 
enzae would appear to have clinical significance, 
while members of the coliform and diphtheroid 
groups are in a doubtful position. Chute and 
Suby (35) find that urea-splitting organisms ac- 
count for 54 per cent of all cases in the Stone 
Qinic of the Massachusetts General Hospital. 
In these cases, the hydrolysis of urea is the first 
of a series of chemical reactions of which the fol- 
lowng are the most important: 

NHj-CO-NHs -f2H:0 -» 2 NH 4 + -f COr" 

Mg++ + NH4+ -f PO 4 NH«MgP04 1 

Ca++ -1- CO,— CaCOj i 

3 C:a++ -f 2PO4 CajfPO^)! J 

The essential point in these reactions is the alka- 
linity caused by the free ammonia. The chief 
characteristic of the stones is the presence of 
magnesium. When found, it should always raise 
the question of the presence of a urea-splitting 
organism. The quantitative composition of the 
stones, however, is dependent upon the composi- 
tion of the urine in which they are formed. The 
amount of calcium and phosphate being excreted 
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will obviously find reflection in the amounts of 
calcium carbonate and calcium phosphate found 
in the stone, and these may exceed the magnesium. 
Hellstrom (36) has pointed out that stones formed 
in association with P. aminoniae sometimes con- 
tain ammonium urate and calcium oxalate in addi- 
tion to the salts already mentioned. We have 
been able to verify this observation. 

The question as to whether all magnesian 
stones in the human are due to urea-splitting or- 
ganisms or not requires further study. It is not 
impossible that phosphates of magnesium may be 
precipitated by a mechanism similar to that which 
may be observed in cases of phosphaturia. Such 
a phenomenon might take part in the formation 
of bladder stones. Another mechanism which 
might conceivably exist would be the substitution 
of magnesium for calcium in a calculus. 

CLASSIFICATION OF A SERIES OF URINARY CALCULI 

In Table I, is presented a summary of the analy- 
ses of 100 consecutive urinary calculi examined in 
the Medical Laboratories, McGill University 
Clinic, Royal Victoria Hospital. The scheme of- 
fers a new basis of classification, as it is based 
chiefly upon the presence or absence of the metallic 
elements. It has grown out of the routine use of 
the analytical scheme proposed in the preceding 
paper. Examination of the table will show that 
it can readily be correlated with present views of 
the mechanism of stone production as these have 
been outlined above. 


TABLE I 


Type 

Kidney 

Ureter 

Bladder] 

Pros- 

tate 

urethra 

Total 

Uric acid 

4 

4 

2 


10 

Ammonium urate .... 



1 


1 

Cystine 

1 




1 

Calcium oxalate 

19 

28 

2 

1 

SO 

Calcium phosphate- 






carbonate 

5 

1 

2 

1 

9 

Magnesian 

13 

5 i 

11 


29 

Total 

42 

38 

18 

2 

100 


In preparing the table, the stones have been 
arranged entirel}’^ on the basis of chemical analy- 
sis, without reference to apparent etiology or other 
clinical facts. It has seemed worth while to spe- 
cify the anatomical site as well as the composi- 
tion, as this fact has clinical significance and geo- 


graplncal interest, quite apart from the primary 
objects of this paper. Cases with stones in multi- 
ple sites have not been indicated. Recurrent 
stones have not been counted more than once, 
except in one or two instances in which a change 
in composition has taken place. When a change 
of this sort has occurred during the formation of 
the stone, it has been classified according to the 
composition of the nucleus, and the nature of the 
envelope has been indicated in the text. 

COMMENT 

c/ass A. Organic stones 

1. Stones containing uric acid 

There were 11 stones in this group. All of 
them have been tested by Ehrlich’s diazo test to 
determine whether xanthine was present. All 
were found negative. Ten of them were com- 
posed almost entirely of uric acid. The single 
ammonium urate stone calls for special comment. 

Case 1 : A diabetic of 70 years proved to be suffering 
from prostatic obstruction and a large bladder calculus, 
Upon removal, it measured 55 mm. in diameter and 
weighed approximately 50 grams. The brown chalky 
nucleus, 30 mm. in diameter, was composed of ammoniuffl 
urate, calcium carbonate, and phosphate, but was entirely 
free of magnesium. Surrounding it was an envelope of 
white chalky appearance, containing carbonate, phosphate, 
calcium, ammonium, and magnesium. This envelope was 
apparently due to the action of a urea-splitting organism. 
On culture, Micrococcus, Aerobacter, and a coliform or- 
ganism were isolated. The nucleus would appear to have 
been formed in alkaline urine before the advent of the 
urea-splitting invader. Since the ash of the nucleus 
after ignition amounted to 55 per cent, it might have 
been classified among the carbonate-phosphate group of 
primary calcium stones. It seems likely that at least two 
mechanisms were operative in forming this nucleus. 

2. Cystine stones 

Only one case exhibiting cystine stones has 
come under observation. The patient has suf- 
fered from numerous recurrences over many years. 
The stones are practically pure cystine. 

Class B. Primary calcium stones 

This class might perhaps be said to comprise 
those inorganic stones which are not secondary 
to infection. It is important to note that stones 
containing carbonate and phosphate may belong 
here or in the magnesian group, depending on the 
presence or absence of magnesium. To divide the 
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inorganic stones in tliis ivay lias ctiologic signifi- 
cance; to call them carbonates and phosphates 
has none. It is worth noting that none of tlie 
stones of tins class contain more than a trace of 
ammonia. 

3. Calcium oxalate stones 

This group, SO in numlier, is by far the largest 
in our series, and equal to all the rest combined. 
It is naturally part of the class of primaiy calcium 
stones, and shows its relation to the carbonate- 
phosphate group by the fact that calcium carbonate 
and calcium phosphate are often found as minor 
constituents. Occasionally, they may make up 
the major part of the stone, and calcium oxalate, 
the minor one. In this way, our clinical findings 
tend to confirm the e.\’perimental work of Ham- 
marsten (6, 10) which establishes the primary' cal- 
cium stones as a class. 

On the other hand, the oxalate stones should 
not be allowed to lose their identity as a group, 
especially for therapeutic reasons. Among 53 pri- 
mary caldum stones containing oxalate, it has 
proved to be the major constituent in 50. It is 
well recognized that these stones are associated 
with acid urine (37), and this fact has satisfactory 
experimental confirmation (6, 10). Forty-six of 
our cases have records of urinary acidity. In 45 
of them, the urine has been acid to litmus. The 
single case with alkaline urine had only one 
examination. 

It is generally agreed that these stones are not 
caused by urinary infection (38). The clinical 
histories and urine studies in our cases would tend 
to confirm this opinion. Although significant 
numbers of pus cells were noted in the urine in 11 
instances, these were usually scanty or absent. 

One stone is of considerable interest, as it illus- 
trates the two groups w'hich make up the class of 
primary calcium stones. Another was a compli- 
cation in a case of hyperparathyroidism. 

2. A man, 35 years of age, had suffered from 
recurrent calculi for 10 years. A ureteral stone weighing 
339 mgm. was removed through the cystoscope. It re- 
sembled a snail shell in shape. The nucleus was com- 
posed of hard brown crystalline material, which proved to 
be calcium oxalate. Around it aas a white chalky en- 
velope whose major constituent was calcium phosphate; 
there v,as a minor amount of calcium carbonate and only 
3 trace of oxalate. Magnesium was absent It seems 
hhely that the nucleus of this stone developed in acid 

I 


urine. Perhaps due to a change in diet, the urine de- 
viated towards alkalinity and the salts characteristic of 
alkaline urine were deposited. The urine specimens ex- 
amined on admission were acid to litmus. On culture, a 
diphtheroid organism was found, but was probably with- 
out significance, since the urine sediment contained onlj' 
occasional white cells. 

Case 3. A female, aged S3 years, suffered from a 
stone in the kidney. X-ray pictures showed an area of 
decalcification in the tibia which was regarded as evi- 
dence of hyperparathyroidism. The serum calcium was 
12.1 mgm. per cent The stone was removed by opera- 
tion, and proved to be predominantly calcium oxalate, 
with a smaller amount of calcium phosphate. Explora- 
tion of the parathyroids was not carried out. 

It is very interesting to observe that none of the cal- 
cium oxalate stones contained uric acid. Since both of 
these substances tend to precipitate in acid urine, one 
would expect them to occur together at times. Although 
such mixtures have been frequently observed in other 
laboratories, they seem to be very rare in the Montreal 
area. Fowler (39) has observed only one uric acid- 
calcium oxalate stone among a series of 250 examined at 
the Montreal General Hospital. 

4. Priviary calcium phosphate-carbonate stones 

This group contains the primary caldum stones, 
9 in number, in which calcium oxalate did not 
predominate. By analog)' with am'mal experi- 
ments, one would expect them to have been formed 
in neutral or alkaline urine. In 7 of our cases in 
which the reaction of the urine has been recorded, 
it has usually been add to litmus. These obser- 
vations may, of course, reflect the hospital diets, 
and bear little relation to the reaction of the urine 
at the time the stones were being formed. Two 
cases of hj-perparathyroidism are included in the 
group. 

Case 4. Aa adult female was admitted to another 
institution on accoimt of spontaneous fractures. She was 
bedridden and in poor physical condition. Subtotal thy- 
roidectomy with removal of 2 parathyroids was carried 
ouL One of the latter showed moderate enlargement. 
At autopsy', stones and gravel were found in the kidneys. 
The bones vrere decalcified to an extreme degree, and 
there was extensive metastatic calcification of the viscera. 
The stone specimens were composed of calcium carbonate 
and phosphate, without oxalate, magnesium, or uric acid. 

Case 5. An adult male suffered from a series of re- 
current stones over a period of 2 years. He was ad- 
mitted to another hospital, where X-ray pictures of the 
bones showed extensive changes said to be compatible 
with a diagnosis of Paget’s disease. The serum calci'um 
showed values ranging from II to 18 mgm. per cent. 
Urine pH was recorded as 5.S and 6.0. Stones were re- 
moved through the cystoscope, and at a later date by 
ureterotomy. They were fo'und to consist chiefly of cal- 



760 


JOHN F. MCINTOSH 


cium phosphate with a smaller amount of calcium car- 
bonate. Uric acid, magnesium, and oxalate were absent. 

None of the other cases in the group have shown clini- 
cal evidence pointing to excessive excretion of calcium. 
Among 59 cases of primary calcium stones, blood calcium 
values have been normal in 21, elevated in 2, and low in 

1. In 35 instances, including Case 4, the determination 
has not been carried out. 

Class C. Magnesian stones 

Group 5 

Twenty-nine stones in our series belong in this 
group. Although these stones, like group 4, con- 
tained considerable amounts of calcium carbonate 
and phosphate, they differed from them in contain- 
ing magnesium and ammonium. The tests for 
these 2 substances showed a good parallelism with 
one another. They were present in large or mod- 
erate amounts in 27 instances, while in 2 cases 
they were found in small amounts. This find- 
ing is at variance with the statement, frequently 
made, that magnesium phosphate (presumably 
Mg 3 (P 04 ) 2 ) is one of the constituents of stones. 
This opinion seems to be traceable to Heller (2) , 
who states that magnesium phosphate is to be 
found without ammonia, “or, at least only traces 
of ammonia.” It seems likely that this statement 
has misled many subsequent writers (40, 41). I 
have not been able to find any quantitative data 
which would support such a contention. 

As mentioned above, small amounts of calcium 
oxalate and ammonium urate have been found in 
some of these stones. 

Cultures of the urine were made in 15 of the 29 
cases. P. ammoniac was present 6 times, and was 
always associated with alkaline urine. Micro- 
coccus was present 5 times, a urea-splitting 
Staphylococcus once; in 3 cases, other organisms 
were present. Among the 14 cases which were 
not cultured, there was presumptive evidence of 
infection in 12, while in 2 the evidence was insuf- 
ficient to form an opinion. It is clear that there 
is a close correlation between urinary infection 
and the presence of magnesium as a constituent. 

From this series of cases, it is impossible to say 
whether magnesian stones can arise in the human 
in the absence \pf urea-splitting organisms. If 
such cases occur at all, they are probably few in 
number. No magnesium carbonate stones have 
been observed although such have been reported 

in nnimal5;. \ 


SUMMARY 

1. A brief summary is given of present-day 
views of the chemical mechanisms underlying the 
formation of urinary calculi. 

2. A method for classification of calculi is pre- 
sented, based principally upon the presence or 
absence of metallic elements, 

3. This method of classification has the advan- 
tage of being readily correlated with present-day 
views as to the chemical pathogenesis of stones. 

4. A series of 100 cases is tabulated and dis- 
cussed. 

The author wishes to express his thanks to Dr. D. W. 
MacKcnzie and Dr. Emerson Smith, successive Heads 
of the Department of Urology, Royal Victoria Hospital, 
and to the members of their staff, for the material which 
has made this paper possible. He also wishes to thank 
Dr. Leo F. Schiff, Plattsburgh, New York, who fur- 
nished the specimens and clinical data described in Case 5. 
The author is indebted too to the late Dr. William Chase 
of the Department of Pathology, McGill University, for 
the material described in Case 4. 
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The data submitted in this presentation indicate 
that the amount of benzoic acid excreted in the 
urine as hippuric acid in the Quick intravenous 
test (1) for liver function is influenced to a con- 
siderable extent by the volume of the simultane- 
ous output of urine. This factor may account 
for some of the high values that at times have 
been observed in normal individuals, and even in 
patients with hepatic disease. The data also sho%v 
a lack of correlation between body weight, brom- 
Eulpbalein excretion, and the results of the Quick 
test. 

Before Quick (2) introduced the hippuric acid 
test for liver function, it had been employed by 
Kingsbuiy- and Swanson (3) and by Bryan (4) 
as a measure of renal function. Thus, for the 
proper interpretation of the test in liver disease, 
it would seem that adequate renal function should 
he present, because an impairment of the latter 
would depress the rate of excretion of the hippuric 
acid and so mimic hepatic dysfunction. Accord- 
ingly some workers have regarded, as a prerequi- 
site for the proper interpretation of the test in 
hepatic disease, normal renal function, as judged 
by the urea clearance test or by the absence of 
a retention of blood urea nitrogen. Quick (5) 
believed, however, that the rate of hippuric acid 
excretion by the kidneys is 50 per cent higher 
than its rate of synthesis in the liver and that, 
as a result, only very serious disorders of renal 
function would affect its elimination in the urine. 
Thus it has been alleged that a normal excretion 
of hippuric acid can be obtained despite a greatly 
diminished urea clearance or an increased urea 
content of the blood (6, 7). 

The effect of the volume of the output of the 
urine on the amount of hippuric acid eliminated 
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Laboratories. 


has received little attention, though Snapper and 
Grunbaum (8) noted that nephritic patients, 
having an abnormal retention of urea, may elim- 
inate more hippuric acid in a large than in a small 
output of urine. Probstein and Londe (7), on 
the other hand, found no relation between urinary 
volume and the output of hippuric acid in 14 
normal subjects. 

A small excretion of hippuric acid, together 
with a small volume of urine, w'as observed in 
certain subjects in whom all other tests of hepatic 
function were negative. At first, this was thought 
to be due to incomplete evacuation of the bladder, 
but a similar restilt was obtained when we re- 
sorted to catheterization. Then, a very high 
value for hippuric acid excretion was observed in 
a patient who had a decompensated portal cir- 
rhosis. He passed at the same time a very large 
volume of urine. He had a blood urea nitrogen 
concentration of 5 mgm. per cent, and it seemed 
probable that, in him, a simple diuresis was oc- 
curring. On the basis of these observations, w’e 
decided to determine whether or not any sig- 
nificant correlation could be established betv,'een 
the amount of the hippuric acid excreted and the 
simultaneous volume of the urine in our series of 
cases in which hippuric acid tests were being done. 

Because Mateer (9) suggested that the size of 
the individual might influence the results of the 
test, we also examined for a correlation between 
body weight and the amount of hippuric acid ex- 
creted in the urine. We have included, in addi- 
tion, data on the results of the bromsulphalein 
test because a difference of opinion (9 to 12) 
exists in the literature concerning the relative 
sensitivity of the bromsulphalein and the hippuric 
acid tests. 

DESCRIPTION OF SUBJECTS 

The hippuric acid test was performed on 100 patients 
in the medical and surgical wards or in the gastro- 
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TABLE I 


Data on 100 cases of evident or suspected hepatic disease 

The high values for benzoic acid excretion in cases 1 and 2 were checked by duplicate analyses but cannot be 
explained at this time. 


Case 


Body 

weight 

Serum 

Icteric 

index 

Blood 

Dye 

Ben- 

Volume 


num- 

Sex 

bili- 

urea 

reten- 

zoic 

of 

Clinical diagnosis 

ber 


rubin 

nitrogen 

tion 

acid* 

urine 



lbs. j 

mgm, 
per 100 cc. 

units 

mgm. 
per 100 cc. 

per cent 

1 1 

grams 

cc. 


1. 

M 

142 


6 

4 

12 

1.70 

315 

Laennec’s cirrhosis. 

2. 

M 

124 


7 

15 

0 

, 1.60 

140 

Cystinuria. 

Hodgkin’s disease. 

3. 

M 

121 

0.5 


8 

8 

1.44 

164 

4. 

M 

139 

±0.1 


10 

0 

1.17 

136 

Idiopathic hypoglycemia. 

5, 

F 

156 


9 

10 

4 

1.17 

84 

Chronic passive hepatic congestion, hyperten- 










sive cardiovascular disease. 

6. 

F 

120 


<10 

5 

0 

1.12 

425 

Chronic calculous cholecystitis, diabetes mel- 










litus. 

7. 

F 

95 


7 

10 

0 

1.11 

126 

Diabetes mellitus. 

8. 

F 

124 

±0.1 


8 

0 

, 1.10 

160 

Arsphenamine exfoliative dermatitis. 

9. 

F 

130 

±0.1 


11 

0 

1.10 

136 

Toxic diffuse goitre. 

10. 

M 

178 

±0.1 


17 

34 

1.10 

116 

Laennec’s cirrhosis, gout. 

11. 

M 

184 


7 

9 

12 

1.08 

160 

Toxic diffuse goitre. 

12. 

M 

198 


6 

14 

8 

1.04 

98 

Idiopathic hepatosplenomegaly. 

13. 

M 

117 


6 

13 

40 

1.00 

212 

Chronic atrophic gastritis. 

14. 

M 

156 


10 

7 

8 

1.00 

84 

Chronic cholangitis. 

IS. 

F 

156 


6 

8 

0 

0.99 

120 

Chronic myelogenous leukemia. 

16. 

F 

55 

±0.1 


11 

0 

0.96 

100 

Hepatolenticular degeneration. 

17. 

F 

112 

rtO.l 


9 

0 

0.95 

130 

Toxic diffuse goitre. 

18. 

F 

147 

0.4 


14 

4 

0.95 

60 

Partial stenosis of common bile duct. 

19. 

M 

175 


10 

12 

0 

0.95 

222 

Chronic alcoholism. 

20. 

F 

85 

±0.1 


8 

0 

0.93 

318 

Toxic diffuse goitre. 

21. 

M 

123 


8 

2 

4 

0.91 

112 

Toxic diffuse goitre. 

22. 

F 

106 


5 

8 

24 

0.91 

100 

Aleukemic leukemia. 

23. 

F 

112 

±0.1 


8 

8 

0.91 

100 

Weber-Christian syndrome, hypertensive car- 










diovascular disease. 

24. 

M 

174 

±0.1 


12 

9 

0.90 

258 

Toxic diffuse goitre. 

25. 

F 

154 

±0.1 


8 

0 

0.89 

195 

Idiopathic hepatomegaly. 

26. 

M 

122 


8 

7 

0 

0.87 

100 

Idiopathic hepatomegaly, psoriasis. 

27. 

M 

114 

±0.1 


11 

8 

0.87 

342 

Diffuse toxic goitre, diabetes mellitus. 

28. 

F 

134 


6 

7 

12 

0.84 

190 

Diffuse toxic goitre. 

29. 

F 

153 

±0.1 


8 

0 

0.84 

164 

Hodgkin’s disease. 

30. 

M 

156 


10 

8 

20 

0.83 

50 

Chronic calculous cholecystitis. 

31. 

F 

136 


8 

11 

0 

0.82 

no 

Idiopathic hepatomegaly, achlorhydria. 

32. 

M 

145 


6 

17 

20 

0.82 

54 

Secondary hepatic carcinoma. _ . 

Idiopathic hepatosplenomegaly, diabetes me - 

33. 

M 

141 

±0.1 


6 

32 

0.80 

224 


1 








litus. 

34. 

F 

144 


14 

12 

12 

0.80 

178 

Banti’s syndrome. 

Hodgkin’s disease. , 

35. 

F 

144 


7 

9 

16 

0.80 

74 

36. 

F 

no 


10 

11 

12 

0.80 

90 

Idiopathic hepatomegaly, right hydi'onc- 




1 




0.79 


phrosis. 

37. 

F 

108 


10 

8 

4 

48 

Toxic diffuse goitre. 

38. 

F 

97 


6 

8 

0 

1 

0.77 

1 

88 

Toxic nodular goitre, hypertensive carai 
vascular disease. . ... 

Post-splenectomy, esophageal varices wit 

39. 

F 

130 

±0.1 


7 

0 

0.77 

82 







1 



hemorrhage. 

40. 

F 

137 

±0.1 


11 

0 

0.77 

56 

Acute disseminated lupus erythematosus. 

41. 

M 

185 


7 

11 

40 

0.74 

185 

Chronic passive hepatic congestion. 

42. 

M 

158 


4 

12 

48 

0.71 

296 

Idiopathic hepatomegaly. 

Laennec’s cirrhosis. 

43. 

M 

142 


7 

8 

26 

0.70 

53 

44. 

M 

121 

±0.1 


11 

16 

0.70 

108 

1 Toxic nodular goitre, auricular fibrillatioii. 
Toxic nodular goitre, hypertensive cardi 

45. 

F 

106 


6 

IS . 

. 24 

0.70 

68 









vascular disease. 

46. 

F 

125 


6 

11 

36 

0.70 

40 

Idiopathic hepatomegaly, hypoglycemia. 

47. 

M 

119 


10 

12 

12 

0.70 

40 

Pyrexia of unknown origin. 

48. 

F 

129 

0.7 


13 

16 

0.70 

43 

Secondary anemia. 

49. 

M 

114 


12 

13 

24 

0.70 

128 

Toxic diffuse goitre. 

SO. 

F 

190 


7 

12 

12 

0.70 

76 

Diabetes mellitus, hepatomegaly. 

51. 

F 

101 


6 

11 

10 

0.70 

130 

Laennec’s cirrhosis. . ,. 

Laennec’s cirrhosis, hypertensive carol 

52. 

M 

145 


11 

12 

48 

0.70 

65 







vascular disease. 

S3. 

M 

132 


7 

10 

0 

0.70 

161 

Hepatomegaly, diabetes mellitus. 

54. 

M 

222 

0.4 


11 

28 

0.69 

100 

Decompensated Laennec’s cirrhosis. 


* Excretion in urine in one hour after intravenous injection of 1.77 grams. 
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tadle I — Conltntud 




Body 


Icttric 

Cl-wd 

Dye 

Ben- 

Volume 



Sex , 

bUi- 

urea 

Tcten- 

201C 

of 

Clinical diagnosis 

'"ter 


Hi bin 


nlttojirn 

tioa 

add 

urine 



lU. 1 

rrf-i. 
ft ICO a. 

units 

rstn. 

ffTlOOtC, 

ftr <€r.t 

crens 

C£. 


55. 

F 

103 


12 

8 

12 

0.68 

126 

Chronic calculous cholecystitis, diabetes mel- 









litus. 

56. 

F 

llll 

±0.1 


7 

0 

0.68 

48 

Hepatomegaly, exfoliative dermatitis. 

57. 

F 

1 \ 31 

±0.1 


9 

12 

0.68 

100 

Toxic diffuse goitre. 

5S. 

F 

1 

±0.1 


13 

16 

0.68 

96 

Toxic nodular goitre, chronic passive hepatic 










congestion. 

59. 

wmi 

183 


7 

8 

20 

0.68 

60 

Congenital hypoplasia of liver. 

60. 

F 

136 


6 

9 

0 

0.68 

95 

Idiopathic hypoglycemia. 

61. 

M 

144 


4 

17 

16 

0.68 

80 

Chronic calculous cholecystitis, secondary 










anemia. 

62, 

F 

220 

±0.1 


12 

20 

0.66 

48 

Chronic calculous cholecystitis, diabetes mel- 

. 







litus. 

63. 

-M 

195 


12 

11 

8 

0.64 

52 

Polycythemia vera. 

64. 

F 

160 

±0.1 

S 

8 

0.63 

80 

Toxic nodular goitre, auricular fibrillation. 







1 

chronic hepatic passive congestion. 

65. 

M 

104 


3 

8 

0 

0.60 

45 

Post-splenectomy, Banti’s syndrome. 

66. 

F 

144 


14 

12 

12 

0.60 

80 

Banti's syndrome. 

67. 

F 

134 

—0.1 

14 

48 

1 0.60 

84 

Chronic calculous cholecystitis, renal calculus, 









pyelonephritis. 

68. 

M 

141 


5 

22 

32 

0.60 

174- 

Laennec’s cirrhosis. 

69. 

F 

106 

0.3 


10 

16 

0.60 

96 

Chronic lymphocytic leukemia. 

70. 

.M 

151 

0.4 


8 

16 

0.60 

80 

Chronic lymphocytic leukemia. 

71. 

M 

182 

0.4 


1 0 

0.59 

55 

Idiopathic hepatomegaly. 

72. 

M 

137 

14 

IS 

36 

0.56 

200 

Polyserositis. 

73, 

F 

130 

-^0.1 

16 

28 

0^5 

85 

Toxic nodular goitre, auricular fibrillation, 







chronic hepatic passive congestion. 

74. 

F 

103 


8 

8 

8 

0.54 

84 

Subacute bacterial endocarditis. 

75. 

F 

131 

±0.1 

8 

i 

8 

0.54 

84 

Chronic hepatic passive congestion, hyperten- 






sive cardiovascular disease. 

76. 

F 

148 


7 

8 

36 

0.54 

'43 

Chronic Iymphoc>'tic leukemia. 

77. 

F 

i 160 

! 

±0.1 


H 

48 

0.54 

70 

Toxic nodular goitre, auricular fibrillation. 







chronic hepatic passive congestion. 

78. 

M 

132 

-^0.1 


■M 

12 

0.50 

140 

Laennec’s cirrhosis. 

79. 

F 

124 


6 

■nB 

0 

0.50 

110 ‘ 

Hodgkin’s disease. 

80. I 

F 

142 

1 

8 

15 

15 

0.50 

64 

Laennec’s cirrhosis. 

81. 

M 

173 

i 

9 

16 

36 

0.50 

90 

Chronic passive hepatic congestion, hyper- 



1 




tensive cardiovascular disease. 

82. 

M 

182 


9 

19 

24 

0.50 

202 

Chronic passive hepatic congestion, hyperten- 







sive cardiovascul^ disease. 

83. 

F 

90 


6 

9 

0 

0.50 

200 

Toxic diffuse goitre. 

84. 

F 

115 

±0.1 


17 

14 

0.48 

34 

Chronic passive hepatic congestion, luetic 






cardiovascular disease. 

85. 

F 

111 

±0.1 


16 

16 

0.48 

156 

Primary anemia, diabetes meliitus, toxic 

86. 





nodular goitre. 

F 

86 i 


4 

16 

0 

0.44 

90 

Scurvy. 

87. 

F 

125 

±0.1 


9 

0 

0.41 

100 

Xanthomatosis. 

88. 

F 

100 


13 

5 

0.40 

86 

Diffuse toxic goitre. 

89. 

F 

155 

±0.1 


14 

16 

0.40 

36 

Diffuse toxic goitre, hypertensive cardiovas- 

90. 





cular disease. 

F 

121 



14 

24 

0.36 

226 

Primary anemia. 

91. 

F 

105 


mm 

12 

12 

0.33 

50 

Idiopathic hepatomegaly, scurvy. 

92. 

M 

145 



12 

48 

032 

65 

Laennec's cirrhosis, hyj>ertenslve cardiovascu- 

93. 





lar disease. 

F 

135 


5 

13 

20 

032 

73 

Multiple cystic disease of the liver. 

94. 

F 

130 

±0.1 


IS 

32 

030 

34 

Diffuse toxic goitre, chronic passive hepatic 

95. 









congestion. 

F 

139 


9 

11 

36 

0.24 

48 

Congenital cystic disease of the liver. 

9o, 

M 

110 ■ 

±0.1 


21 

•8 

0.25 

80 

Toxic nodular goitre, hypertensive cardio- 

97. 









vascular disease. 

F 

95 


11 

10 

0 

0.22 

84 

Chronic passive hepatic congestion, malignant 

98. 









hypertension. 

F 

85 


4 

9 

4 

0.18 

42 

Chronic passive hepatic congestion, hyper- 










tensive cardiovascular disease, toxic nodular 

99. 

100. 

F 

243 


7 

8 

32 

0.14 

15 

goitre. 

Chronic pancreatitis, diabetes meliitus. 

F 

102 


9 

9 

36 

0.11 

20 

Chronic passive hepatic congestion, toxic 











nodular goitre, hypertensive cardiovascular 
disease. 
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intestinal clinic of the University of Pennsylvania Hos- volume, was made (Figure 1). Five of these (Cases 1, 

pital. In all of them, hepatic disease was manifest or 2, 3, 4, 5) were apparently normal individuals and had 

suspected, cither because the liver was significantly en- a negative direct van den Bergh reaction, a normal serum 

larged or because the patient had a disease in which bilirubin level, no retention of bromsulphalein in the 

hepatic dysfunction may occur (Table I). In each case, blood serum after one half hour, and a negative hippuric 

the blood urea nitrogen concentration was normal and acid test. One (Case 6), with chronic glomerulonephri- 

the direct van den Bergh reaction, negative. The body tis, had an elevated blood urea nitrogen value (62 mgm. 

weight, serum bilirubin or icteric index, and the presence per cent), a urea clearance of 20 per cent and negative 

or absence of retention of bromsulphalein in the blood van den Bergh and bromsulphalein tests. Three patients 

serum one half hour after its injection were determined (Cases 7, 8, and 9) had some retention of bromsulphalein 

in all instances. (4, 10 and 16 per cent), their direct van den Bergh 

In 12 other subjects (all females), a comparative study reactions being negative or delayed, and their diagnoses 

of the hippuric acid test, performed in the usual fashion, being respectively non-toxic nodular goitre, diabetes mel- 

and after giving an excess of water to increase urine litus with peripheral neuritis, and diffuse toxic goitre. 


SODIUM BENZOATE 



Fig. 1. CoMP-ARisc^N of Results of the Hippuric Acid Test When Performed Without Control of the 
Fluid Intake and When the Fluid Intake .Was Purposely Increased 
The first pair of Wlumns in each case represents the volume of urine and the amount of hippuric acid, in 
terms of benzoic acid, excreted during the test when performed under the usual conditions; the second pair, 
the results when the' fluid intake was increased. 

Erratum : Measurements are of benzoic acid, not sodium benzoate, in this and the following 
figures. 
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Case 10, an ncromcRalic, manifested a biphasic direct van 
den Bcrgli reaction, a sligbt elevation of the serum 
bilirubin (0.6 mgm. per cent), and a low \-3luc for 
hippuric acid excretion. The remaining 2 patients (Cases 
11 and 12) were deeply jaundiced, had immediate direct 
van den Bergh reactions, very high icteric indices (66 
and 112), and low values for hippuric acid c.xcrction. 
The diagnoses in these 2 patients were biliary cirrhosis 
(Case 11) and acute catarrhal jaundice (Case 12). 

METHODS 

The intravenous 1 hour hippuric acid test was per- 
formed by the method of Quick (1) with modifications 
proposed by Weichselbaum and Probstcin (13). The 
amount of hippuric acid in the urine was determined by 
titration with sodium hydroxide. One hour after a 
breakfast of 1 cup of coffee and 2 slices of toast, the 
patient was instructed to empty the bladder completely. 
Immediately thereafter, 20 cc of an S.85 per cent solu- 
tion of sodium benzoate (1.77 grams) were injected 
intravenously, the duration of time for the injection 
being 5 m'mules. One glass of water (ISO cc.) was 
then ingested. One hour following the completion of 
the injection of the benzoate solution, the bladder was 
emptied by catheterization in all females (62) and in all 
those males (6) who could not assume the erect posture 
to void. The remaining 32 males emptied their bladders 
by voiding and had no evidence of prostatism. 

The bromsulphalein test was performed either on the 
day before or on the day after the hippuric acid test 
The amount of dye used was 5 mgm. per kilogram of 
body weight, a single sample of venous blood being re- 
moved from the opposite arm 30 minutes after injection 
of the dye. The presence of any dye in the serum at 
the end of this time was considered as indicative of im- 
paired excretory ability' of the liver (14). The patients 
were required to be in the fasting state on the morning 
of the test. The icteric index, blood urea nitrogen, and 
serum bilirubin determinations were made by accepted 
standard routine laboratory procedures. 

In those patients in whom we wished to determine the 
effect of water diuresis on the excretion of the hippuric 
2cid, 360 cc. of water were administered and % hours 
before the injection of the sodium benzoate, as well as 
immediately afterward. Thus, these patients received a 
total of 1080 cc. of water in addition to the fluid in the 
^P of coffee and the 20 cc. of sodium benzoate solution 
injected intravenously. The bladders in all of these 
patients were completely emptied by catheterization 1 
hour after the end of the injection of the sodium ben- 
zoate solution. 

RESULTS 

Relation of hippuric acid excretion to body 
"uieight 



of benzoic add excreted as hippuric add and the 


body weight of the subjects was found (Figure 
2). The correlation coefficient (r) v,-as -j- 0.074. 

B. Relation of hippuric acid excretion to the vol- 

ume of urine 

In the 100 cases included in Table I, a direct 
correlation existed between the amount- of hip- 
puric acid eliminated through the kidneys and the 
volume of the urine secreted in the same period. 
When the range of hippuric add excreted, in 
terms of benzoic add, was divided into 5 groups 
in the order of increasing values, the average 
volume of the urine in the particular groups in- 
creased directly (Table II). This relationship 
was found to be mathematical!}' significant when 
the v’alues were plotted against minar}' volume 
in all of the tests (194) performed in the clinic 
to date (Figure 3). The subjects included nor- 
mals as well as persons with evident or suspected 
hepatic disease. The correlation coeffident (r) 
was -f- 0.480. 

C. Effect of increasing the urinary volume on the 

amount of hippuric acid excreted 

The urinar}' output and, at the same time, the 
amount of excreted hippuric add were increased 
in 10 of the 12 patients in whom on a second test 
the fluid intake was increased (Figure 1). In 
4 of the 5 control subjects {Cases 1, 2, 3, 4), 
the volume of urine was increased from an aver- 
age of 146 to 501 cc., while the average benzoic 
acid excretion was increased from 0.9 to 1.14 
grams. In 2 of the subjects, 1 a control (Case 5) 
and 1 with mild hepatic damage (C^ase 8), there 
was a decrease in the volume of urine as well 
as in the amount of benzoic acid. Both of these 
subjects complained of intense nausea during and 
after the period when large amounts of water 
were being ingested. The 3 patients with bili- 
rubinemia and dye retention (Cases 10, 11 and 
12) had subnormal values for benzoic acid ex- 
cretion when the test was performed by the stand- 
ard technique. In all of them, the benzoic acid 
excretion was increased to normal or above by 
inducing a water diuresis. In Case 6, with a 
urea nitrogen retention of 62, the benzoic add 
excretion increased from 0.38 to 0.57 and then to 
0.67 gram as the urine volume increased from 
200 to 260 and finally to 475 cc. (Figure 1). 
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GRAMS SODIUM BENZOATE 
EXCRETED IN ONE HOUR 



Fig. 2. The Relation of Body Weight to the Amount of Hippuric Acid Excreted, in Terms 

OF Benzoic Acid 

Correlation coefficient, (r) 0.079, is not significant. 

D. Relation of hippuric acid excretion to the 
presence or absence of bromsulphalein reten- 
tion 

In the 100 cases with a negative direct van den 
Bergh reaction, the excretion of hippuric acid 
was below normal in 47, while bromsulphalein 
retention was present in 72. Both tests were 
positive in 38 cases and negative in 19. The dye 
test was positive and the hippuric acid test nega- 
tive in 34, while the reverse was true in 9 (Table 
III). In 16 of the cases, the benzoic acid excre- 
tion was greater than the upper normal of 0.95 
gram, yet in 8 of these, dye retention was present 
(Table I). In some series of cases studied by 


other authors (9), the hippuric acid test has been 
observed to be more sensitive than the brom- 
sulphalein test. 

COMMENT 

The data herein presented indicate that, irre- 
spective of the ability of the body to synthesize 
hippuric acid, its elimination through the kidneys 
is influenced by the volume of the urine secreted 
during the test period. The ability to influence 
the amount of hippuric acid excreted in individual 
subjects by varying the volume of their urine, 
incident to the administration of fluid, strongly 
supports the correlation in the data on single 
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tests wiiich wc have presented. This relationship 
between the ’volume of the urine and the amount 
of hippuric acid excreted presents some objection 
to the use of hippuric acid elimination as a test 
for hepatic function, unless correction can be 
made for variations in urinarj’ volume. 

Possibl}' this relationship may account for some 
of the high values for the test obscta’ed by Matcer 
(9) in some of his controls, and for the higher 
than normal values observed by Rosenberg (15) 
in some patients with hepatic disease, and attrib- 
uted by him to a hj'pcrirritable phase of damage. 

The low values for the 2 subjects (Cases 5, 8) 
in whom we failed to induce a water diuresis de- 
serve brief comment. The subjects drank the 


fluid, and none of the urine was lost. Both of 
them were extremely nauseated during the test. 
The low urine volume outputs could perhaps be 
explained on the basis of failure of the fluid, to 
leave the stomach and so reach the intestine for 
absorption because of duodenal spasm, which, 
according to Ingelfinger (16), may occur during 
nausea. 

The attempt to find the one most sensitive test 
of impaired hepatic function has led to conflicting 
results and views. In some series of cases (9) 
impaired hippuric acid excretion has been more 
frequent than retention of bromsulphalein. In 
our series, the reverse was the case. After mak- 
ing due allowance for such factors as the influ- 


GRftMS SOOIUt^ BENZOATE 
EXCRETED IN ONE HOUR 



The correlation coefficient (r) -{-0.480, is significant 
D indicates standard deviation. 
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TABLE II 


The relation of the average volume of urme eliminated- during 
the test period to the amount of hippuric acid excreted, 
in terms of henzoic acid 


Amount of 
benzoic acid 

Average volume 

Number 

excreted 

of urine 

of cases 

grams 

cc» 


0-0.29 

48 

6 


(15-84) 


0.3-0.49 

86 

(34-226) 

11 

0.5-0.69 

99 

(45-202) 

30 

0.7-0.95 

125 

(40-342) 

37 

>0.95 

161 

(84-425) 

16 

ence of urine volume output, impairment of renal 
excretion, and variation of technique, there still 

remain differences from case to case 

as to which 

test first exhibits impairment. The use of several 
tests of hepatic function will, therefore, reveal an 

early disturbance of 
will any single test. 

function more 

often than 

TABLE III 


Summary of results on 100 hippuric acid and 

bromsulphalein tests 


Impaired 
hippuric acid 

Retention 

Number 

synthesis 

of dye 

of cases 

+ 

+ 

38 

+ 

0 

9 

0 

+ 

34 

0 

0 

19 


The dye test is almost always positive when an 
impairment of hepatic excretory ability is already 
indicated by an immediate or biphasic direct van 
den Bergh reaction. It is for this reason that we 
required that the direct van den Bergh test be 
negative in each of the 100 cases in which the 
results of the dye and the hippuric acid test were 
to be compared. 

SUMMARY 

In a series of 100 patients with manifest or 
suspected hepatic disease, a significant direct cor- 
relation was found between the amount of hip- 
puric acid eliminated by the kidneys and the vol- 
ume of the urine secreted during the same period. 
A higher than normal value for benzoic acid ex- 
cretion was associated with a large volume of 


urine. A low value in some patients with hepatic 
disease could be increased to normal or above by 
inducing a water diuresis. A low value for 
benzoic acid excretion in one patient with ex- 
cessive blood urea nitrogen retention was raised 
almost to normal by a similar procedure. The 
dependence of the hippuric acid test on the rate 
of that substance’s excretion by the kidneys con- 
stitutes some objection to its use as an index of 
the detoxifying ability of the liver. 

Bromsulphalein retention occurred in a higher 
percentage of our cases than did an impaired 
hippuric acid excretion. 

The authors are indebted to Dr. J. H. Austin, Pro- 
fessor of Research Medicine, University of Pennsylvania 
Medical School, for the statistical analyses of the data, 
and to Dr. J. G. Reinhold for the use of facilities in the 
Biochemistry Laboratory of the Philadelphia General 
Hospital. 
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In untreated iij-pcrthyroid patients, blood or 
serum iodine has beett found to be above the 
normal range (1). Whether this iodine occurs 
in a protein-like or an inorganic form has been 
investigated by a number of workers, employing 
a \-ariety of methods (2). Previously reported 
experiments from this laboratory' indicated that 
most of the iodine was contained in the serum in 
the organic or proteiii-like form (3). It was only 
after iodine salts had been ingested that readily 
demonstrable amounts of inorganic iodine were 
found in the blood serum of either euthyroid or 
hy-perthyroid people. The present investigation 
deals with the behavior of the serum protein- 
bound iodine, during iodine treatment of 15 hy- 
perthyroid patients. 

In comparison \yith other methods, Somogyi’s 
zinc sulfate precipitation (4) has proved a simple 
and effective technique for the separation of the 
iodine fractions, in 6 cc. aliquots of serum of 
patients receiving inorganic iodine. A study has 
been made of the effect on the serum protein- 
hound iodine of giving Lugol’s solution to euthy- 
roid subjects. The kinds of iodine containing 
compounds precipitated by zinc sulfate and sodium 
hydroxide have also been investigated. 

REVIEW OF METHODS 

Trevorrow (5), Alpert (6), and Lein (7) 
have all used Somogyi’s zinc sulfate precipitation 
niethod for the separation of iodine fractions, 
hut their investigations have not dealt with protein- 
hound iodine in serum of hyper- or hypothyroid 
patients. Trevorrow worked with blood after the 

vitro addition of thyroxin or potassium iodide 
(5). Alpert has used the filtrate from precipi- 


^This investigation was aided by a grant from the 
^ight Fund and Fluid Research Funds of the Yale 
Diversity School of Medicine. 

^ Presented in part before the Federation of American 
oeieties for Experimental Biology, Boston, Massachu- 
setts. April, 1942. 


tated plasma for the estimation of diodrast iodine 
(6). Lein has used filtrate for evaluation of 
ionic iodide after the intravenous injection of 
potassium iodide solution in iodide tolerances (7) . 

The zinc sulfate precipitation method was se- 
lected because previously described methods for 
differentiating iodine fractions, such as precipita- 
tion with organic solvents, dialysis and precipi- 
tation of proteins with heat and acetic acid, were 
either inaccurate or time consuming. Trevorrow, 
after repeated and prolonged extraction of blood 
with ethyl alcohol, was able to remove completely 
all of the iodine from the insoluble protein frac- 
tion (with ethanol “30 to 50 per cent being re- 
moved in the first fraction, 30 to 45 per cent in 
the four hour continuous extraction and the re- 
mainder in the next 24 hours”) (5). Boyd has 
recently confirmed these observations, that in 
blood the amount of iodine dissolved by alcohol 
depends on the efficiency of extraction (8). Tre- 
vorrow also found that after 4 acetone extractions, 
each 1 to 12 hours in length, all of the blood 
iodine was soluble in acetone (5). On the other 
hand Davison, Zollinger, and Curtis, who did not 
make such prolonged extractions with acetone, 
have tried to use acetone to fractionate the iodine 
in blood (9, 10). McQendon and Foster (11) 
employed methanol precipitation of blood iodine. 
It is probable, however, that with prolonged ex- 
tractions methanol might be found to dissolve as 
much blood iodine as the ethanol and acetone 
employed by Trevorrow. From her work, it has 
been concluded that organic solvents do not sep- 
arate potassium iodide or thyroxine from the 
iodine normally occurring in blood. 

Bassett, Coons, and Salter precipitated pro- 
teins with heat and acetic acid to separate inor- 
ganic from “protein-bound” iodine. However, 
when tire serum inorganic iodine was elevated, as 
after the administration of iodine to hyperthyroid 
subjects, there was a “spurious elevation” of 
protein iodine. They thought that this elevation 
might “be due to occlusion or adsorption and thus 
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might be regarded as a chemical artefact” (12, 

13). 

Riggs, Lavietes and Man (3) dialyzed blood 
serum and were able to separate potassium iodide 
iodine from serum iodine. However, this method 
was time consuming and would not be practicable 
for clinical purposes. 

PRECIPITATION METHOD 

Serum is precipitated with the reagents used by So- 
mogyi (4) to prepare filtrate for blood sugar deter- 
minations. The precipitate is washed with distilled 
water. Iodine in precipitate is determined by the Riggs 
and Man permanganate acid ashing method (14). 

Reagents 

Solution I — “12.5 grams of ZnS 04 ‘ 7 H 20 are dissolved 
in water, 125 cc. of 0.25 N HjSO* are added, and the 
mixture is diluted with water to 1 liter.” 

Solution II — 0.75 N sodium hydroxide. “The two 
solutions must be so related that when 50 cc. of Solution 

I are titrated with Solution II, 6.70 to 6.80 cc. are re- 
quired to produce a permanent pink color with phenolph- 
thalein. The titration must be carried out by slow ad- 
dition of the sodium hydroxide with continuous shaking” 

(4). 

Procedure 

One volume of serum, 8 volumes of zinc sulfate solu- 
tion, and 1 volume of sodium hydroxide are shaken thor- 
oughly. For usual sera, 6 cc. of serum, 48 cc. of zinc 
sulfate solution, and 6 cc. of sodium hydroxide are 
convenient aliquots. The mixture is then filtered through 

II cm. Whatman number 42 filter paper. The precipitate 
is washed 8 to 12 times with iodine-free distilled water. 
Stirring the precipitate with a blunt stirring rod facili- 
tates and accelerates the washing. (The washings may 
be tested with dilute silver nitrate solution acidified with 
nitric acid. A white precipitate indicates that some chlo- 
ride is still mixed with the protein precipitate. As serum 
contains much more chloride than inorganic iodide, the 
latter substance is undoubtedly completely removed when 
silver chloride precipitate does not form.) 

The iodine determination is made by the Riggs and 
Man permanganate acid ashing method (14). This 
method has recently been shortened because only 1 heat- 
ing was found necessary for complete digestion of the 
organic iodine compounds in serum. 

The precipitate and filter paper are transferred to a 
1200 cc. iodine distilling flask and the iodine determina- 
tion is continued as if serum had been used. If 6 cc. of 
serum were precipitated, 15 grams of potassium per- 
manganate and 210 cc. of 18 N sulfuric acid are used to 
digest the filter paper and precipitate. When the flasks 
are heated to about 100° C., excessive foaming may 
occur. Therefore, the flames should be low until the 
mi.xturc begins to boil. If foaming is excessive, heating 
should be stopped and distilled water may be added to 


the contents of the flask. However, if the first 80 cc. 
of 18 N sulfuric acid arc added in 2 portions so that a 
moderate reaction ‘occurs, subsequent application of heat 
does not cause excessive foaming. It is on account of 
this foaming that a 1200 cc. rather than a 900 cc. iodine 
distilling flask should be used. An oscillating machine 
which shakes all the flasks back and forth during diges- 
tion has proved efficient in preventing excessive bumping 
during digestion. 

After heating the flask and contents to 195 degrees 
centigrade, 80 cc. of distilled water are used to dilute 
the mixture before distillation. 

Iodine in the filtrate may also be determined. The 
aliquot used depends on the probable inorganic iodine 
content of the serum. If the patient has been taking 
iodides, 10 to 20 cc. of filtrate should be sufficient. If 
he has had no inorganic iodine, as much, filtrate as pos- 
sible (40 to 45 cc.) should be used. 

Protein bound iodine in serum of euthyroid 
subjects given LugoVs sohition 

In Table I are the data on 6 euthyroid subjects 
who were given 10 to 45 drops of Lugol’s solu- 
tion per day during lengths of time ranging from 
1 to 7 days. The table gives the dosage of 
Lugol’s and the number of days that elapsed be- 
tween the time that administration was discon- 
tinued and the final determination of total iodine. 
Duplicate and average values for the total and 
precipitable iodines are given in order to show 
the agreement between the duplicates of precipit- 
able iodine. 

During Lugol’s administration, the total iodines 
were enormously increased, ranging from 29 to 
522 gamma per cent. In the first experiment, 
the serum total iodines before and several days 
after omission of Lugol’s were 5.1 gamma per 
cent; the precipitable iodines were 5.6 and 5.9 
when the patient had taken sufficient Lugol’s to 
elevate the total iodine to 50 and 29 gamma per 
cent. In the second experiment, there was just 
as satisfactory agreement between the total iodines 
of 5.0 and 5.5 gamma per cent before and after 
Lugol’s, and precipitable iodines of 5.7 and 5.9 
gamma per cent when total iodines were above 
100 gamma per cent. In the last 4 experiments, 
with the exception of one aliquot of precipitable 
iodine of patient 2831, the serum total iodines 
after Lugol’s agreed within 1.6 gamma per cent 
with the serum precipitable iodines during Lugol s 
administration. That the precipitable iodine of a 
euthyroid individual on Lugol’s solution is the 
same as the total iodine when not taking Lugol s 
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TABLE I 


Scrum iodines of palienls tcith normal thyroids ■who were given LugoVs solulion 


Palienl 

number 

Dale 

LukoI's 

Scrum iodine gamma per cent 

Drop^ 

daily 

Days 

Kiven 

Days since | 
LugoVa 

Total 

Predpitable 

Duplicates 

A%*crage 

Duplicates 

Average 

2782 

October 14, 1941 


0 

i 

4.9 

5.3 

5.1 





October 16, 1941 

30 

2 


49.0 

50.6 

49.8 

5.8 

5.3 

5.6 


October 21, 1941 

10 

7 

! 

29.2 

28.8 

29.0 

5.4 

6.3 

5.9 


October 24, 1941 | 


1 

1 

2 

4.9 

5.4 

5.1 




2798 

October 22, 1941 


0 ' 


4.6 

5.4 

5.0 





October 27, 1941 

30 



108.0 

110.0 i 

109.0 

5.7 1 

5.7 

5.7 


October 30, 1941 

30 ! 



119.0 

124.0 

121.0 1 

5.8 

6.0 

5.9 


November 6, 1941 


■■ 

2 

4.2 1 

6.8 





2814 

November 14, 1941 

45 

1 1 


298.0 


303.0 

5.2 

6.2 

5.7 


November 25, 1942 



10 

6.2 


5.9 




2801 

November 21, 1941 

45 

3 


341.0 

342.0 

342.0 

7.5 

7.8 

7.7 


November 25, 1941 



4 

5.9 

6.3 

6.1 

5.6 

5.1 

5.4 

2831 

December 9, 1941 

45 

3 

■■ 

520.0 

524.0 

522.0 

10.1 

5.8 



December 13, 1941 




19.9 

24.6 

22.3 





December 18, 1941 



mm 

6.3 

6.7 

6.5 

1 



2877 


45 

3 

! 5 

286.0 

290.0 

288.0 

5.9 

-6.8 

6.4 





! 

! 7-4 

7.4 

7.4 





illustrates that this method for determining bound 
iodine is reasonably reliable. 

Nature of iodine compounds precipitated by sine 
sulfate and sodium hydroxide 

In Figure 1 are illustrated certain experiments 
with serum precipitable iodine and thyroxin, di- 
iodotyrosine. and after giving desiccated thyroid 
by mouth. Values represent the iodine in the 
actual aliquots used, and are the average of 
duplicate determinations. 

In the first 2 experiments, the precipitating 
agents were added to thyroxin solution in tenth 
normal alkali. Barred columns at the left rep- 
resent thyroxin iodine ; cross barred columns, 
filtrate and washings iodine. In the first experi- 
ment, only 0.88 of a gamma of iodine was recov- 
ered in the precipitable and filtrate iodines, al- 
though the original sample contained 1.22 gamma. 
In the second experiment the water washings, 
shown at the top of the right column, were 
found to contain the iodine not recovered in 
precipitate and filtrate. It is apparent that in 
the absence of blood serum, prolonged washing 
with distilled water removed iodine from the 

precipitate. 


In the third and fourth experiments, thyroxin 
solution was added to duplicate pairs of 2 different 
sera before precipitation. The amoimt of iodine 
in the serum is represented by the open column 
above the barred thyroxin column. In these 2 
experiments, in spite of prolonged washing, total 
precipitable iodines were 93 and 94 per cent of 
the sum of the thyroxin and serum iodine. 

In the fifth and sixth experiments, an aqueous 
solution of diiodotyrosine was added to serum 
before precipitation. Equal aliquots of serum 
alone were precipitated simultaneously. The 
iodine was determined in the precipitate and in 
the combined filtrate and washings of the serum 
alone and of the serum to which diiodotyrosine 
was added. The determined diiodotyrosine iodine 
was only 94.8 per cent of the iodine which should 
have occurred in the amount of diiodotyrosine 
(Roche) used. However, the diiodotj-rosine had 
not been repurified or dried. Two different solu- 
tions of another sample of diiodotyrosine (East- 
man Kodak Company) also gave onty 91.5 and 
93.5 per cent of the calculated iodine content. 
In calculating percentage recoveries, it -was as- 
sumed that the determined iodine was more ac- 
curate than the value calculated, on the basis tliat 
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THYROXIN thyroxin DIIOOOTYROSNE W THYROID 

+ SERUM + SERUM THYROXIN RO. 
EXPNa \ Z 34 56 78 9 10 II 


Fig. 1. Precipitable Iodine Recoveries in in vitro and 
in vivo Experiments 

Iodines in combined filtrate and washing solutions are 
represented by superimposing the cross barred symbol for 
filtrate iodine over the cross barred symbol for washings 
iodine. In Experiments 5 and 6, the open sections on the 
left are serum preciptable iodine, and not serum total 
iodine as in other Experiments. 

exactly 58.6 per cent of the weighed diiodotyrosine 
was iodine. 

In experiments 5 and 6, the iodine recovered 
from precipitate, filtrate, and washings of tlie 
serum to which diiodotyrosine had been added, 
amounted to 95.9 and 93.8 per cent of the sum 
of the iodine originally in precipitate, filtrate, and 
washings of the serum, plus the diiodotyrosine 
which had been added. Analysis of the diagrams 
in Figure 1 reveals that the major portion of 
the diiodotyrosine was precipitated with the pro- 
teins; but precipitation was not as complete as 
that of thyroxiA In the precipitates were found 
only 83.3 and 85.2 per cent of the iodine that 
should have been ^pected if all the diiodotyrosine 
had come down with the precipitable iodine of 
the serum. In keeping with this, there was more 
iodine in the filtrate imd washings of the treated 
than of the original ^rum. Since the quantity 
of diiodotyrosine addeoVin the 2 experiments dif- 
fered greatly, while the proportions of bound 
iodine were the same, tlie failure of the diiodo- 
tyrosine to combine with protein cannot be attrib- 
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uted to the excessive amounts of the compound 
used. In addition, it may be seen that' far larger 
amounts of iodine were bound when thyroxin 
was added. It is impossible to reduce further 
the quantity of diiodotyrosine and have theoretical 
recoveries of significant accuracy. What physical 
or chemical factors enter into this reaction, so 
that only 83 per cent of the diiodotyrosine iodine 
was precipitated, are not known. 

In the seventh and eight experiments, serum 
total, precipitable, and filtrate iodines were de- 
termined 2 and 24 hours after intravenous injec- 
tion of thyroxin solution into a normal male. 
Precipitable iodines were 94 and 90 per cent of 
the serum total iodine. In the third, fourth, 
seventh, and eighth experiments, the filtrate iodines 
were all within the range found in sera of normal 
subjects. 

In the last 3 experiments, total and precipitable 
iodines were determined in the sera of 3 different 
subjects who had been receiving 3, 5, and 15 
grains of desiccated thyroid per day by mouth. 
In the ninth and tenth experiments, after 3 and 
5 grains of thyroid, the serum total iodines were 
still within the normal range and the precipitable 
iodines were 100 and 92 per cent of the total iodine. 
In the last experiment, after 15 grains of thyroid, 
serum total iodine rose to 14 gamma per cent, 
although prior to thyroid administration the serum 
total iodine had been 5.6 gamma per cent. When 
the serum iodine was elevated, the precipitable 
iodine was only 74 per cent of the total iodine. 
Whether inorganic iodine rises when large doses 
of thyroid are given orally cannot be confirmed 
until another patient can be given large doses of 
thyroid. 

The data in Table I demonstrate that precipit- 
able iodine is not contaminated by inorganic iodine. 
The third, fourth, seventh, and eighth experi- 
ments demonstrate that, in the presence of serum, 
thyroxin iodine would be included in the precipit- 
able iodine. The fifth and sixth experiments 
show that at least 83 per cent of diiodotyrosine 
iodine would also be included in the precipitable 
iodine. 

Precipitable iodine in the serum of hyperthyrotd 
patients 

In Table II are the serum precipitable iodines, 
basal metabolic rates, and treatment of 15 hyper- 
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thyroid pationts. Tho term ihyroidcetomj- indi- 
cates a one stase, and henrithjjo.deetonty a tno 
slace ODcmtion. The clinical diagnosis o! hyper- 
SdClas confimied in all Ihese patients by 
XSal atndy of glands and snbsequent 
course after thyroidectomy. 

table n 

iodir.es of hypcrihydd palicnl^ 
j ' ' j j 1 Eernn iodLic 
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table II— Continued 


umber, 
ft::c in 

ycart.ecx, 

dtira^ono* 
eymptoms 
in no alb -1 


yjmaber, 

b 

rtirs, eet, 
dirnUoaoJ 
Eysp'.ons 
brsoatbs 


Treatajcnt 


KoTcmber H. 15*1 +33 


KoTtnber 8, IWl 
KoTcaber 10. 15*1 
SoTtaber 17, 15*1 +•' 
VoTenibcr2l. 15*1 
Soveaber 22, 15*1 0 

Deccaber 2.1511 
Febniirr 27. 15U + S 

Kovca'jcr 8, 1541 
Koveaber 12, 1541 
KoTcrabsr 17, 1541 +37 
SoTcaber 21, 154} 
Koveaber 25. IWl 
Deecaber 2. 154} 
Dtoeaber 11, 1541 * 7 


, ni- 

Tolal cipi- tjate 
tnblc 

fcnrta jKy cerd 
I 20.2 I LC 


1Lw 1’< 15 drops 

I daily 

Thj-roldsclomy 


XagoVs 15 drops 

1 daily 

iHcailhjToidKlorny 

jHcaitlijTOidtctomy 


Jaraary + 

Jaonary 23, IW2 1 

Janw i 

February 3, 1912 I -b 
Februa^ 2. 191- 1 
Feb^ary 15, 19s- 1 
Febreary 16, 1912 

1 March 31,1912 -i 
1 April 2, 1912 

. A^ 1.19« -1 

April 10, 1912 " 

AprU 16, 1942 - 

A^ 18, 1942 

Abril 25, 1942 • 

May 15, 1942 

3 October 23, 1911 
? October 26, 1911 

a. November 26, 1941 
April 3, 1942 

April 17, 19« 
A^ril 18, 1^ 

April 21, 19« 

April 23, 1942 

April 27, 1912 

April 23. 1942 

hlay 1, 1942 

May 4. 1942 

May 5. 1942 

May 6, 4912 

May 12. 1?« 

May 14. 1942 

May 23. 1912 


* 

ILuiol'a 15 tL-ops 

Iri-M 1 daUy ,257 

[Thyroideetoiny 1 


; dg 

ILusol’s 15 drops 
j_t2 I daily 
i-i-30 
_i_ng 1 

Thyroidectomy 

-fl9 

lllAKol'6 7 drops 
-feu daily 

i llLtmoVs 15 drops 
I + 42 11 daily 


October 24, 1941 -(-30 
0 '*tobcr 25, 1941 
October 27, mi +^ 
0 ‘tober 29, 1541 +26 
Ko^ber 5. mi 
Koveaber 11. 1541 
Koveaber 12, 1541 + 5 

'Koveaber 26. 154}* +36 
Deccaber 

1:\m ±k 

EtiSber 9 1W1 +1! 
Deecaber 12, 154} 
Deccaber 18, 1541 +1; 
Deccaber 22, IWl . 1 
December 29, 1^ . 1 

January 4, 1542 
January 5. 1^ 
January 6, 1^ 
January \i>\^ 

_ ir&l2;m2 

+■ 

^ l i -L 

December 19, ml 
December 24, 154} t 
D ecember 27, 1941 
December 29, IMl 
January J. 1^ 
Janu ary 3, 194^ 

52 Januw ®1' iSm 
F Febraa^ 6,1942 

March 6. 1942 

W 27-. 1^ 

A?ril 30,1942 


Treatment 


Lugol’s 15 drops 
daily 

Thyroidectomy 


Serum iodine 

Fil- 

Total cipr- 


comma per cent 

11-3 1 1 


+14 ILufol's 3 drops 
+11 V daUy 


40.8 5.9 


Thyroidectomy 
ILuzol’s 10 drops 


I Lunol's 15 drops 
daily 

Henri thyroidectomy 
IPotasaum iodide 
I 5 drops daily 
Henrilhyroidectomy 


ILunoI’s 15 drops 
+22 t daUy 


il'm2 

January 28, ma 

FeWaly 1; 9 I 2 -i-21 

9 ’. 1942 -i-15 
February 10.1942 
February IJ. 

February lo.l^ 
Februar y 16, 1942 

November 10, IWl 

■ ^ISb 10.1^ -H2 

fe- -’iitii 

21 . 1942 -i-30 

Ip n-1^ 

1; 1942 - 4 

hlty 12.1912 


Henri thyroidectomy 

DurtoJ's 30 drops 

Hemi^yroidectomy 


Thyroidec tomy 
[ILunol’s 15 drops 


ILunol's 15 drops 1 1 1 

+21 M ^ 

° Thyroidectomy ' ‘ < 

1 Syrup HI 
J 12 cc. dariy 


hsyrupHI 
J 12cc.dari3 


ILmml’s 5 drops 
/ daily 


Ltmol’s 15 (L-ops 
daily 


I Thyroidectomy 


A53613 

32 F 

4 mon. 

Apri} . 
April 

April 

April 

April 

April 

April 

May 

B21125 

October 

35 F 

October 

12 non. 

October 


October 


October 


October 


10, 1942 -i-26 

11.1912 


lV.l 9 f 2 -f-18 L^V. 15 drops 

20. 1942 + 4 dariy 

ll’.mi ■*' Thyroidectomy 

30. 1942 

1,1942 

I?: ml drops 

21,1541 +16 ' 


1 Thyroidectomy 


• Unsatisfactory. 

results 
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A92514 and '623831 . In these 2 instances, the 
total iodines exceeded the precipitable iodines by 
1.8 and 0.3 gamma per cent, while the filtrate 
iodines wei*e 2.2 and 1.1 gamma per cent respec- 
tively. The precipitable iodine of B29589 was 
3.6 gamma per cent lower than her total iodine, 
but the serum in small aliquots was precipitated 
several days after the blood was taken. Usually 
serum has been precipitated immediately. How- 
ever, in this instance contamination from inor- 
ganic iodine was feared, and the remainder of 
the serum was precipitated to rule out this con- 
tingency. Since the filtrate iodines were between 
1.1 and 2.2 gamma per cent in 5 cases, it has 
been assumed that, before iodine administration, 
total iodines would not exceed precipitable iodines 
by more than about 2 gamma per cent, and there- 
fore in the other cases total iodines alone have 
been determined before iodine therapy. 

Total iodines during Lugql’s administration 
were determined in the sera of only 5 patients 
(B23831, B21125, B22239, B23799, and Pi). 
These total iodines were between 28 and 246 
gamma per cent. Total iodines of the other 
patients were undoubtedly similarly elevated. 

In all patients, except B29589, Pi, and B2S107 
who were studied before and after Lugol’s, before 
thyroidectomy, precipitable iodines fell to levels 
below or just above the maximum normal serum 
iodine, 8.0 gamma per cent. B29589 had mild 
sjnnptoms of hyperthyroidism, a basal metabolic 
rate of plus 20 per cent, and a serum total iodine 
of 10.3 gamma per cent, in October, 1941. After 
31 days, on 7 drops of Lugol’s per day, her basal 
metabolic rate fell to plus 6 per cent, and the 
precipitable iodine was 8.0 gamma per cent. She 
was maintained on small doses of Lugol’s until 
2 weeks before admission to the New Haven 
Hospital in April, 1942. At the time of admis- 
sion, her precipitable iodine was 30.1 gamma per 
cent. After 2 weeks of bed rest and administra- 
tion of 15 drops of Lugol’s daily, she showed some 
clinical improvement, although the precipitable 
iodine was 15.6 gamma per cent. A right hemi- 
thyroidectomy was followed by a stormy post- 
operative period. Eight days after removal of 
the right lobe, the precipitable iodine was still 
elevated, 12.4 gamma per cent. Two days later, 
a left hemithyroidectomy was performed. Nine 


days after this second stage operation, the pre- 
cipitable iodine had fallen to 7.5 gamma per cent. 

The precipitable iodine of Pi fell only to 8.9 
gamma per cent after 49 days of treatment with 

5 drops of Lugol’s solution daily. At that time, 
he consulted Dr. Frank Lahey and Dr. Lewis M. 
Hurxthal. They decided to take him off iodine, 
but 2^ months later he showed definite clinical 
evidence of hyperthyroidism. At operation, each 
lobe of the gland was enlarged to about 3 times 
normal size. B25107, whose hyperthyroid symp- 
toms increased somewhat and who did not im- 
prove even after prolonged Lugol’s therapy, had 
no diminution but a gradual elevation in precipit- 
able iodine. At operation, a large, substernal 
thyroid was excised. 

In contrast with the precipitable iodines of 
B29589 and B25107, which have just been dis- 
cussed, are those of B23831 and B23799. After 

6 days on Lugol’s, the precipitable iodine of 
B23831 had fallen to 9.4, and after 11 days, to 
7.0 gamma per cent. The precipitable iodine of 
B23799 was 9.8 after 4 days, and 7.3, after 11 
days on iodine therapy. It is possible that the 
precipitable iodines of B21559, B21125 and 
B22457, whicLfell only to 9.6, 8.6, and 8.5 gamma 
per cent, decreased more before thyroidectomy 
because these precipitable iodines were deter- 
mined 4, 4, and 9 days before operation. These 
data indicate that a fall to the normal range of 
precipitable iodine demonstrated a good response 
to iodine therapy. Failure of the precipitable 
iodine to fall after Lugol’s administration corre- 
sponded with failure of improvement in patient’s 
symptoms. If it is difficult to obtain satisfactory 
basal metabolisms, the behavior of the precipitable 
iodine is of diagnostic significance. 

Six to 97 days after thyroidectomy, the total or 
precipitable iodines of 10 patients were deter- 
mined. The serum total or precipitable iodines 
of B23831, B26309, B29589, A53613, B21360 
and B23799 were within the normal range. 
A92514, 97 days after thyroidectomy, had a total 
iodine of 2.0 gamma per cent which was below 
the normal range, but there were no evident symp- 
toms of thyroid deficiency. B21559, B22239 and 
B25107, 9, 9, and 10 days after thyroidectomy, 
had serum precipitable iodines slightly above the 
normal range. However, subsequent serum total 
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or prccipitoblc iodines in the sera of B22239 and 
B25107 were within the normal range. While 
these postoperative studies have not been made at 
frequent or prolonged intervals in any patient 
except A92514, the scrum prccipitable iodine 
seems to reach normal concentration about 2 
weeks after thyroidectomy. ■ 

DISCUSSION 

How long after the administration of inorganic 
iodine the scrum total iodine is elevated is a 
question which detennincs whether a total or 
prccipitable iodine should be determined. In 
Table I, 2 euthyroid subjects, 2782, 2798, 2 days 
after Lugol's solution was stopped, had total 
iodines of the same magnitude as before iodine 
was given. One subject, 2831, who had the 
highest serum total iodine, 522 gamma per cent, 
has an elevated scrum total iodine 4 days after 
Lugol’s was stopped. Unfortunately, her total 
iodine was not determined again until 6 more 
days had elapsed. At this time, her total iodine 
was normal, 6.5 gamma per cent. Riggs, Lavietes 
and Man have already reported that a hyperthy- 
roid patient, 4 days after omission of 15 drops 
of Lugol’s solution, had a total iodine equivalent 
to the serum undialyzable iodine while on Lugol’s 
solution -(3). These data indicate that, while 2 
to 4 days may suffice for the elimination of in- 
organic iodine, after large doses more than 4 
days but less than 10 days may be required. 

The serum iodine values, in Table II, of hyper- 
thyroid patients before treatment are in good 
agreement with blood iodine levels of untreated 
hyperthyroid patients, enumerated in an earlier 
article (1). In blood, the normal range of iodine 
was found to be 2.4 to 4.2 gamma per cent (1). 
determination of the iodine in blood and serum 
demonstrated that, in the absence of previous 
iodine therapy, the erythrocytes contained prac- 
tically no iodine (3, 15). Assuming a normal red 
cell volume, the normal blood values of 2.4 and 
4.2 gamma per cent would be equivalent to serum 
iodines of 4 to 8 gamma per cent. The blood 
iodines of 6.4 to 215 gamma per cent in the 31 
hyperthyroid patients previously described (1) 
Would correspond to serum iodines of 10.7 to 
30.0 gamma per cent. The serum iodines of the 
15 hyperthyroid patients in Table II, before treat- 
ment range from 9.4 to 33.7 gamma per cent. 


That all of the 15 hyperthyroid patients in 
Table II had serum iodines above the normal 
range confirms the observation in the earlier paper 
that blood iodine levels are increased in hyperthy- 
roidism. Before treatment, no definite relation 
existed between the elevation in serum iodine and 
the severity of exophthalmos. Six patients had 
no noticeable lid lag or prominence of eyes; ex- 
ophthalmos was a definite symptom of B21559, 
B23831, B29589, A53613, B21125, B21360, Pi, 
and B25107. The average of the initial serum 
iodines of the patients without exophthalmos was 
15.9 and that of the patients with exophthalmos 
14.7 gamma per cent. It was reported previously 
that, even after prolonged hyperthyroidism, the 
blood iodine was elevated (1). The serum iodine 
of B26309 is in agreement with this statement. 
Though this patient had had symptoms of hyper- 
thyroidism for 3 years, her serum iodine was 
elevated to 10.7 gamma per cent. 

SUMMARY AND CONCLUSIONS 

A method for separating protein-bound from 
inorganic serum iodine by precipitation with zinc 
sulfate and sodium hydroxide has been described. 
The advantages of this method over previously 
published techniques have been discussed. The 
measurement of iodine in the precipitate by a 
modification of the permanganate acid ashing 
technique has been described. 

The precipitable iodines of 6 euthyroid, sub- 
jects, who had taken 10 to 45 drops of Lugol’s 
solution per day for 1 to 7 days, agreed within 
1.6 gamma per cent with the serum total iodines 
after Lugol's administration was stopped. Total 
iodines, before Lugol’s, of 2 of these 6 euthyroid 
subjects differed by only 0.9 gamma per 100 cc. 
of serum from the precipitable iodines when the 
patients were on Lugol’s. In euthyroid indi- 
viduals, 2 days after cessation of iodine admin- 
istration may suffice for the elimination of excess 
inorganic iodine from the serum, but in 1 subject, 
between 4 and 10 days were necessary. 

In t^vo experiments, after the in vitro addition 
of thyroxin to serum, the precipitate contained 93 
and 94 per cent of the thyroxin iodine. After 
intravenous injection of thjToxin, the precipitable 
iodmes were 94 and 90 per cent of the serum total 
iodine. Only 83 and 85 per cent of diiodotjTosine 
iodine were recovered in the precipitate when diio- 
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dotyrosine solution was added to serum. After 
oral administration of 3 and 5 grains of thyroid 
daily, the precipitable iodines were 100 and 92 per 
cent of the serum total iodine, but after 15 grains 
daily the precipitable iodine was 74 per cent of 
the total iodine. It is concluded that this pre- 
cipitate of serum contains at least 80 per cent of 
diiodotyrosine iodine and virtually all of the iodine 
in thyroxin or larger organic compounds of iodine, 

Precipitable iodines of 15 hyperthyroid patients 
have been studied. The clinical diagnosis was 
confirmed in all these patients by pathological 
study of the glands. Before treatment with iodine, 
the serum total or precipitable iodines were be- 
tween 9.4 and 33.7 gamma per 100 cc., distinctly 
above the normal range of 4 to 8 gamma per 
cent. In the first 5 patients, before administration 
of iodine, the total and precipitable iodines agreed 
within 2.0 gamma per cent. After Lugol’s, before 
thyroidectomy, precipitable iodines of 11 of 14 
patients decreased to concentrations below or just 
above the maximum normal serum iodine, 8.0 
gamma per cent. In 3 patients, whose precipitable 
iodines did not decrease noticeably, the clinical 
response to iodine administration was poor. If 
it is difficult to obtain satisfactory basal metab- 
olisms, the behavior of the precipitable iodine is 
of diagnostic significance. 

Serum total or precipitable iodines of 10 of 
the 15 patients were within or just above the 
normal range about 2 weeks after thyroidectomy. 

In this investigation we acknowledge with deep grati- 
tude the aid of Dr. Paul H. Lavieties, Dr. Alexander 
W. Winkler, Dr. Jack D. Rosenbaum, and Dr. Branch 
Craige, Jr. 
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Serum magnesium, like scrum calcium, is only 
partly ultrafiltrablc ( 1 ) . Softer and his associates, 
in 1939, reported a consistent increase in the 
non-ultrafiltrable magnesium of tlie serum in hj'- 
perthyroidism (2). In striking contrast, all of 
the magnesium of the serum was ultrafiltrablc in 
two patients with myxedema. The present work 
confirms and extends Softer’s observations. 

EXPERIMENTAL PROCEDURES 

Blood was drawn, with anaerobic precautions, from 
subjects in the post-absorptive state. Ultrafiltrate was 
obtained from the serum by an anaerobic technique, by 
means of the capsule of Lavietes (3), modified in that 
the diameter of the effective membrane surface was in- 
creased to 3 cm., the cellophane membranes were dried 
immediately before using by pressing between smooth 
filter papers, and the filtration pressure u-as reduced to 
28 cm. of mercurj*. More than 3 cc. of ultrafiltrate were 
obtained from approximately 10 cc. of serum, in 8 to 
10 hours. 

One cc. aliquots of serum and ultrafiltrate were deliv- 
ered into 30 cc. porcelain evaporating dishes. To the 
ultrafiltrate, 2 drops of saturated sucrose solution were 
added to prevent subsequent loss by crepitation during 
ashing. With this exception, serum and ultrafiltrate were 
treated alike. After adding 1 cc. of 4 N H;SO» to each 
dish, the dishes were placed on a steam bath for at least 
2 or 3 hours, to effect charring. Ashing was accom- 
plished in an electric furnace at 500 to 600° C. 

The ash was transferred quantitatively to a 6 cc. volu- 
metric flask as follows. One drop of 4 N H:SO« was 
rubbed into the ash wdth a short rounded stirring rod, 1 
cc. of water was added with further mixing, and transfer 
was made into the volumetric flask, facilitated by using 
petrolatum on the lip of the dish. This svas followed by 
4 washings wdth 0.5 cc. water. Three drops of 0.1 per 
cent brom-cresol green were added to the last washing 
to detect the presence of acid. An additional washing 
tvas used if the indicator svas not blue or green. If the 
necks of the volumetric flasks are 6 mm. in inside diam- 
eter, the transfer may be made without the use of a 
funnel. 

To the flask was added 1 cc. of a saturated solution 
of ammonium oxalate, and dilute NH,OH sufficient to 


^ This article represents work done in fulfillment of the 
ffiesis requirement for the degree of Doctor of Medicine 
at Yale University School of Medicine. 


develop a full green color with the brom-cresol green 
(pH 4.2 to 4.4). The volume was then made to 6 cc. 
with water and mixed by inversion. After standing at 
least 3 hours, the contents were transferred to a 15 cc. 
conical centrifuge tube and centrifuged for 10 minutes. 
Five cc, of the decanted supernatant fluid were trans- 
ferred to another 15 cc. conical centrifuge tube. One 
cc. each of 2 per cent NH.H.PO, and concentrated 
NHiOH were then added, and the contents mixed. Pre- 
cipitation was started by scraping the side of the tube 
with a sharp-tipped fine stirring rod and mixing thor- 
oughly, and was completed by standing at least 8 hours 
in the refrigerator. It has been learned subsequently that 
room temperature is satisfactory for this step. 

The precipitate was thrown down bj' centrifugation for 
10 minutes, after which the supernatant fluid was de- 
canted and discarded. The precipitate was washed twice 
with 8 cc. of dilute NH.OH (2 cc. of concentrated 
NH,OH per 100 cc.), by centrifugation and decantation. 
Two cc. of the wash solution were first run down the 
side of the tube and the remaining 6 cc. directed force- 
fully from a fine-tipped pipette onto the surface of the 
fluid ; this prevented loss of precipitate by floating on the 
surface. Decantation was done rapidly, leaving behind 
approximately 025 cc. each time. An alternative method 
of washing, adopted after most of the present data were 
collected, uses a single washing with 7 per cent NH.OH. 
Before the first centrifugation, the volume is made to 
approximately 12 cc. with the wash solution. The single 
washing is made by running 2 cc. of the wash solution 
down the side of the tube, followed by approximately 
10 cc. directed forcefidly at the surface in a fine stream 
so as to produce frothing. The supernatant fluid is de- 
canted completely, after which the inner lip of the tube 
is touched with a towel to remove the adherent drop. 

The washed precipitate was dried at 95° C, and deter- 
mined as phosphate by the method of Benedict and Theis 
(4). After 1 cc. of the acid molybdate reagent had been 
added to each tube, complete solution of the precipitate, 
including any adhering to the sides of the tube, was 
insured by shaking and rotating. Then 5 cc. of water 
and 1 cc. of hydroquinone were added, and mixed fay 
inversion. Standard tubes containing 0.02 mgra. phos- 
phorus, as KH.PO., in 5 cc. of water were treated with 
1 cc. of the acid molybdate solution, and 1 cc. of hydro- 
quinone sulfite. The tubes were then stoppered lightly 
with cotton and heated in a boiling water bath for 10 
minutes. After cooling and mixing by inversion, the 
unknowns were compared with the standards by visual 
colorimetry. 
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The calculation is: 

X 0.02 X T X 100 X ^ = Mg in milligrams per cent 

01. UH 0 y 

1.88 p = Mg in milligrams per cent, 

where R is the setting of the standard and V the reading 
of the unknown. 

By this technique, magnesium was recovered from 1 
cc. samples of known solutions containing 1.25 to 2.50 
mgm. of magnesium as MgS 04 per 100 cc. of solution, 
with a maximum error of 0.05 mgm. per cent. These 
solutions contained calcium and phosphorus in amounts 
comparable to those in serum. All determinations on 
serum and ultrafiltrate were made in duplicate, the great- 
est difference between pairs being 0.03 mgm. per cent. 
As a further check, in the first 6 ultrafiltrations, mag- 
nesium was determined in the concentrated residue, as 
well as in the serum and ultrafiltrate, and the magnesium 
of ultrafiltrate plus residue was observed to agree almost 
exactly with that of an equal volume of serum. As an 
indication of the reproducibility of results, the determina- 
tions were repeated under standard conditions in 3 sub- 
jects. The constancy was striking (Table I). 


TABLE I 

Repeated determinations^ of hound magnesium in 3 subjects 


Subject 

Serum 

Ultrafiltrate 

Bound 




mg7n» 

mgm. 

per cent 



i>er cent 

fer cent 

per cent 

of total 

1 

A 

2.27 

1.7S 

0.52 

23 

1 

B 

2.27 

1.73 

0.54 

24 

2 

A 

1.89 

1.88 

0.01 

1 

2 

B 

1.89 

1.87 

0.02 

1 

3 

A 

1.8S 

1.61 

0.24 

13 

3 

B 

1.88 

1.64 

! 

0.24 

13 


myxedema, suggesting the possibility that a small amount 
of the magnesium of ultrafiltrate is unionized. 

RESULTS 

Bound magnesium has been determined in a 
group of 14 normal subjects, 9 patients with un- 
treated hyperthyroidism, and 4 patients with un- 
treated myxedema. Blood or serum iodine deter- 
mination confirmed the clinical diagnoses in these 
cases, and unmistakable responses to therapy fur- 
ther established them. Total serum magnesium 
(Figure 1) does not vary significantly in the three 
groups, but ultrafiltrable magnesium (Figure 2) 
is distinctly subnormal in hyperthyroidism and 



Fig. 1. Total Serum kfAGNEsiuM in Normal Persons 
AND Patients with Thyroid Disease 


The arithmetical difference between the concentrations 
of magnesium in serum and ultrafiltrate has been taken 
as bound magnesium, following Soffer’s example. Bound 
magnesium might more properly be calculated by sub- 
tracting from serum magnesium, not the magnesium in 
100 cc. of ultrafiltrate, but the ionized magnesium of the 
water of 100 cc. of serum. The latter may be approxi- 
mated by multiplying the magnesium of ultrafiltrate, 
which is assumed to be completely ionized, by the Donnan 
ratio for bivalent ions, and again by the water content 
of the serum. For normal serum, the Donnan ratio 
would be approximately (1.05)’ = 1.10, and the water 
content is approximately 93 per cent. Bound magnesium 
would, then, become Verum magnesium — (1.10 X 0.93 X 
ultrafiltrate magnesium) or serum magnesium — (1.02 X 
ultrafiltrate magnesium). Practically, since the water 
content of serum varies relatively little, and since cor- 
rection for this almost\ neutralizes that for the Donnan 
effect, the distribution of values for bound magnesium is 
not affected by neglect t\f these corrections. When they 
are made in the cases of myxedema, bound magnesium 
becomes — 0.03 or — 0.0,4 in all 4 cases of untreated 



Fig. 2. Magnesium of Ultrafiltrate of Serum in 
Normal Persons and Patients with Thyroid Dis- 
ease 
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above normal in myxedema, with consequent 
striking difTercnccs in the bound fraction (Figure 
3). In myxedema, bound magnesium is regu- 



Fic. 3. Bound Magnesium of Seruii in itcsi. Per 
Cent in Normal Persons and Patients iitth Thy- 
roid Disease 


lady absent, and with one exception, and -that a 
minor one, there is no overlapping between the 
normal and hyperthyroid groups. The differen- 
tiation is equally good when bound magnesium 
is expressed as per cent of the total ma^esium 
(Figure 4) . The normal values for bound mag- 
nesium fall between 14 and 31 per cent: 12 of 
the 14 fall within the range 17 to 25 per cent. 
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MYXEDEMA NORMAL HYPEPTHYROID 

Fig. 4. Bound Magnesium of Serum in Per Cent 
OF Total in Normal Persons and Patients ivith 
Thyroid Disease 

In 5 of 6 patients with hyperthyroidism, studied 
after the administration of iodine for variable 


periods, bound magnesium was above the highest 
normal value (Table II). In the fifth patient. 


TABLE n 

Hyperthyroidism after treatment with LugoTs solution 



with mild recurrent thjTotoxicosis controlled g-mp- 
tomaticall}' by continuous therapj’’ with Lugol's 
solution, bound magnesium was elevated on two 
occasions when the basal metabolic rate vras — 5 
and -j- 8 per cent, suggesting that the thjTotoxi- 
cosis was still active. WTien therapy was subse- 
quently discontinued for 3 weeks, the basal meta- 
bolic rate rose to -r 17, the basal pulse from 70 
to 82, and neiwousness and palpitation recurred. 
This is the only patient in the group v.-ho was 
not subjected to thyroidectomy. The first 4 pa- 
tients, with severe thyTotoxicosis, were first seen 
by us after courses of iodine therapy of 1 to 6 
weeks duration. The sixth patient, with very 
severe hyperthyroidism, was first studied 3 days 
after resuming Lugol's solution, after terminating 
a long previous course about 2 weeks earh'er. 
Bound magnesium was within normal limits at 
this time, and again a week later; in both in- 
stances, however, ultrafiltrable magnesium was 
subnormal, as was true of the other hyperthyToid 
subjects. Unfortunately, this patient was not 
studied before therapy was started; 8 days after 
operation, total and bound magnesium were both 
nonnal. 

Bound magnesium was determined in 7 patients 
with elected basal metabolic rate, and some of 
the other stigmata of thyToid excess, such as 
nen'ousness, tremor, and tachycardia, but without 
hyperthyroidism. It fell within normal limits in 
all (Table III). Blood or serum iodine ^•aIues 
were normal in every’ instance, and at least one 
course of Lugol’s solution was given to each 
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TABLE III 

Hypermetabolism without hyperthyroidism 


Subject 

Magnesium 

Basal 

metabolic 





Serum 

Ultrafiltrate 

Bound 

rate 


mgm, 
per cent 

rngm, 
per cent 

per cent 

per cent 

1 

1.94 

1.56 

20 

-1-48 

2 

1.58 

1.22 

23 

4-16 

3 

2.07 

1.71 

17 

-t-46 

4 

2.12 

1.65 

22 

4-28 

5 

1.77 

1.21 

32 

4-43 

6 

1.73 

1.38 

20 

4-9 

7 

1.82 1 

1.38 

24 

4-29 

8 

1.74 

1.49 

14 

4-19 


patient without effect on symptoms or metabolic 
rate, independent evidence that hyperthyroidism 
was not responsible for the elevated basal metab- 
olism. Two of these patients had marked Parkin- 
sonism, and all of the others had considerable 
vasomotor and nervous instability. 

Three patients with myxedema, adequately con- 
trolled by the administration of 2 grains of desic- 
cated thyroid daily, had normal amounts of bound 
magnesium in their sera. In all of 7 hyperthyroid 
patients, bound magnesium, which was elevated 
before thyroidectomy, returned to or below nor- 
mal limits after operation. 

DISCUSSION 

Our data give the following indications con- 
cerning bound magnesium: (7) It varies over a 
fairly narrow range in normal subjects. (2) It 
is consistently above the normal range in hyper- 
thyroidism, falling towards normal under treat- 
ment with iodine, and to normal after thyroidec- 
tomy. (5) It is entirely lacking in myxedema, 
returning to normal, however, under treatment 
with thyroid substance. (4) It is normal in pa- 
tients with abnormal basal metabolism unasso- 
ciated with thyroid disease. The significance of 
these observations in relation to diagnosis is self- 
evident. A recent observation of Soffer (5) that 
bound magnesium may be normal in some pa- 
tients with Ityperthyroidism, especially when the 
disease is mild or of long duration, finds no 
counterpart in our limited experience, although 
symptoms had been present for more than 2 years 
in 7 of our cases, and the disease was fairly mild 
in 3 of these. 


Our normal values for bound magnesium are 
significantly higher and less disperse than those 
of Soffer. Differences in technique suggest sev- 
eral possible explanations for this discrepancy. 
For ultrafiltration, Soffer used a pressure of 80 
lbs. of nitrogen per square inch. Observations 
by Flexner (6) indicate that, under such high 
pressure, ultrafiltrate is not in dialysis equilibrium 
with the residue, and the discrepancy is in the 
proper direction to explain the discrepancy be- 
tween Soffer’s data and ours. Watchorn and 
McCance (1), using low pressure ultrafiltration, 
observed values comparable to ours. Changes in 
volume by evaporation or condensation of water 
during ultrafiltration, possible when gas under 
high pressure is used, were avoided by our an- 
aerobic technique. Our use of ashes, instead of 
trichloroacetic acid filtrates, for analysis elim- 
inates possible errors incurred in precipitation of 
proteins. Our values for total serum magnesium, 
in distinction to bound magnesium, are approxi- 
mately 25 per cent lower than Soffer’s; since we 
recovered known solutions quantitatively, this 
suggests the possibility that their precipitates were 
impure or incompletely washed. 

At present, one can only speculate on the na- 
ture of the bound magnesium. Failure to pass 
through a cellophane membrane indicates that it 
is incorporated in, or associated with, the colloids 
of the serum. Unlike calcium, it is not combined 
with protein in general, being completely absent 
in myxedema, in which serum proteins tend to 
be high. Since serum fats, phospholipids, and 
cholesterol are also elevated in myxedema, it seems 
improbable that these are responsible for the bind- 
ing of magnesium. This suggests that it is asso- 
ciated with a specialized protein such as an 
enzyme or hormone. A rough correlation exists 
between serum hormonal iodine and bound mag- 
nesium in normal subjects and untreated patients, 
and the increase of each above normal in hyper- 
thyroidism is approximately the same. If a sig- 
nificant correlation between bound magnesium and 
serum iodine can be established, the magnesium 
need still not be part of the circulating thyroid 
hormone, but may rather be associated with the 
complex in which the hormone functions, possibly 
an enzyme system. Thus, for example, magne- 
sium is known to serve as an activator for at 
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least some of the enzymes and coenzymes in- 
volved in exchanges of phosphate in intracellular 
intcrmediarj’ metabolic processes. It is essential 
for the acti\-ation of adinosinetriphosphate, cocar- 
bo.xylase, certain dehydrogenases, and kidney phos- 
phatase. Softer (2) has obser^’ed that thyro- 
globulin does not bind magnesium in vUro, and 
that there is no immediate rise in bound mag- 
nesium after the injection of cither thyroglobuVm 
or thyroxine into normal dogs. There is a transi- 
ton' delayed increase after the thyroglobulin, and 
a prolonged delayed increase after thyroxine, in- 
dicating that these substances must undergo modi- 
fication, or initiate change in other systems, before 
affecting bound magnesium. 

Bound calcium is apparently physiologically in- 
active, owing its existence onlj’ to the chemical 
affinity of the serum proteins for calcium, the 
latter being dependent on the resultant of equi- 
libria between the plasma and the gastrointestinal 
tract, bones, and kidneys. Bound magnesium, in 
contrast, is probably physiologically active, in a 
manner quite different from the ultrafiltrable frac- 
tion, which, like ultrafiltrable calcium, is presum- 
ably essentially completely ionized. The effect of 
magnesium on excitability of neuromuscular mech- 
anisms is undoubtedly an ionic one. Any ex- 
planation of the effect of hyperthyroidism upon 
serum magnesium, must account not only for the 
increased binding of magnesium but also for the 
diminished concentration of ionized magnesium. 
Ionized magnesium must be the result of the 
equilibria between serum and gastrointestinal 
tract, bones, intracellular ionized magnesium, and 
the kidneys. It is, therefore, difficult to conceive 
of a mechanism by which increase of bound 
magnesium results in compensatory decrease in 
ultrafiltrable magnesium. 

Preliminary observations by Dr. Francis P. 
Vose, in this department, demonstrate an exces- 
sive post-absorptive renal excretion of m^nesium 
m hyperthyroidism. Since the concentration of 
magnesium in ultrafiltrate of serum, and thus 
presumably in glomerular filtrate, is subnormal in 
hyperthyroidism, this increased renal excretion 
must indicate a very large increase and volume of 
glomerular filtrate, or a diminution of tubular re- 
absorption of magnesium. The latter is more 
probably the case since the increases in volume of 


glomerular filtrate reported in hyperthyroidism 
(7, 8) are not sufficiently high to explain the 
increase in urinary magnesium. In any event, the 
excessive urinary excretion must be responsible, 
at least in part, for the subnormal concentration 
of ultrafiltrable magnesium in the serum of hy- 
perthyroid subjects. It cannot explain the ex- 
traordinary increase in bound magnesium, which 
leaves total magnesium normal. 

The therapeutic applications of magnesium in 
thyroid disease are as yet imdetermined. One 
investigator has claimed the regression of symp- 
toms of Graves’ disease and a reduction of basal 
metabolism following injections of magnesium 
(9). We have not been able to duplicate these 
results. 

SUMMARY AKD CONCLUSIONS 

A correlation beUveen thyroid function and the 
state of the serum magnesium has been observed, 
confirming previous work. 

Refinements of technique are described. 

In 14 normal subjects, the non-ultrafiltrable, or 
bound, fraction of the serum magnesium was 17 
to 31 per cent of the total. In each of 9 proved 
untreated cases of hyperthyroidism, bound mag- 
nesium exceeded these values, and ultrafiltrable 
magnesium was subnormal. In 4 patients with 
myxedema, all of the magnesium of the serum 
was ultrafiltrable. After therapy of thyroid dys- 
function, bound and ultrafiltrable m^nesium re- 
turn to normal. In 8 patients with hypermetab- 
olism without hyperthyroidism, bound magnesium 
was normal. 

The possible relation of bound magnesium to 
the circulating thyroid hormone or to enzyme 
systems is discussed. 

Attention is directed to the anomalous recipro- 
cal changes of bound and free magnesium. 
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Evncience of intracellular as tvell as of extra- 
cellular water depletion was obtained during pe- 
riods of water deprivation in some experiments 
on pyloric obstruction in dogs. The object of 
this control study was to observe the exchanges 
of body water and salts as conditioned by the 
strict deprivation of water. 

Kerpel-Fronius (1) showed that in fasting rab- 
bits deprived of water, the concentration of so- 
dium in serum rose and the ratio of potassium to 
nitrogen excreted exceeded that in cell fluid. 
These findings were interpreted as indicating a 
loss of both intracellular and extracellular water. 
Nadal, Pedersen, and Maddock (2) obtained 
somewhat similar evidence in human subjects. 
Both of these papers emphasized the contrast 
betw'een the intra- and extracellular water deple- 
tion that arose from a primary loss of pure water, 
and the predominantly extracellular depletion 
where fluids containing salt are lost. But the 
distinction was not made between the cell water 
released with potassium and that lost on an os- 
motic basis. 

Darrow and Yannet (3) and Hastings and 
Eichelberger (4, 5) have shown that water is 
freely diffusible across cell membranes and that 
It shifts according to the osmotic concentration 
of the bases which are restrained on either side. 
Evidence has accumulated, however, that these 
bases are not entirely restrained. The factors 
which control their movements are not clear, but 
such movements must ultimately control the dis- 
tribution of water between the two phases. 
Sodium is known to displace intracellular potas- 
sium under certain nutritional (6) and hormonal 
(7) stimuli. But the conditions are still obscure 
under which sodium and potassium cross the cell 
boundary in response to changes of ionic concen- 
tration and of water volume. 

The following experiments in prolonged water 
deprivation constitute an attempt to define the 
range of v ariation of total ionic concentration and 

'This study was aided by a grant from the John and 
fary R. Markie Foundation. 

* National Research Coundl Fellow in Medical Sdences. 


of volume of body fluids, to observe the asso- 
ciated renal reactions, and to differentiate the 
mechanisms by which cell water is released. 

METHODS 

In serum, the concentration of chloride was determined 
by the method of Hald (8), sodium and potassium by the 
method of Hald (9), sodium sulfocyanate by the method of 
Crandall and Anderson (10) as adapted to the photoelectric 
colorimeter by Elkinton and Taffel (11), and water content 
by the difference between wet and dry weights. The whole 
blood non-protein nitrogen was measured by the micro- 
kjeldahl technique. 

In urine, chloride was determined by the Volhard-Harvey 
titration (12), sodium by the method of Butler and Tuthill 
(13), potassium by the method of Hald (9), sodium sulfo- 
cyanate by Elkinton and Taffel’s (11) modification of the 
method of Crandall and Anderson (10), and total nitrogen 
by macro-kjeldahl. 

EXPERDIENTAI. PROCEDURE 

Four normal dogs were deprived of water and food for 
periods of 11 to 20 days. During these periods, the bal- 
ances of water, chloride, sodium, potassium, and nitrogen 
were measured. From these balances, and from studies of 
the distribution of sodium sulfocyanate, the exchanges of 
water and salt in the animals were calculated. 

The dogs were kept in metabolic cages and all urine was 
collected. No fecal analyses were made since the amount 
of feces obtained was insignificant, owing to the starvation. 
The weight change, however, was corrected for the 2 small 
stools passed by 1 dog, as well as for losses of tissue and 
blood in surgical procedures and blood analyses, respec- 
tively. The dogs were weighed at the beginning and end 
of each period on scales with an accuracy of ±10 grams. 

Blood for analysis was taken from the jugular vein; that 
portion for determination of the non-protein nitrogen was 
oxalated, the rest was allowed to separate into clot and 
serum. The urine collected was preserved with thymol 
at5°C. 

The distribution volume of sulfocyanate was determined 
several times in 3 of the 4 dogs. A 1 per cent solution of 
spdium sulfocyanate was injected intravenously from a 
calibrated burette and the serum concentration and urinarj’ 
excretion determined at the end of a 4-hour interval (11). 

To insure complete urinary recovery, the animal uas ca- 
theterized and the bladder was washed 3 times with normal 
saline solution. 

Two of the dogs (Dogs 6 and 8) had laparotomies and 1 
(Dog 7) received anesthesia, as controls for the operative 
transection of the pylorus in the previous experiments. 
Each dog received a small infusion of 5 percent glucose and 
0.9 per cent sodium chloride solution postoperatively. 
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Dog 6 was rehydrated on the twentieth day, Dog 7 died 
on the eleventh day, and Dogs 8 and 9 were killed on the 
fifteenth day when Dog 8 was moribund. 


In Dogs 8 and 9, the distribution volume* of the radio- 
active isotope of Cl (£ci”) was determined at the end of 
the experiment. For further calculations. 


CALCULATIONS 


Total water changes (ATT) were calculated from weight 
changes corrected for solids lost and the metabolic mixture, 
as estimated according to the method of Newburgh (14, 15) : 

AW = AWt.' -f (C + 0.49P + F), (1) 

where the protein burned (P) was calculated from the nitro- 
gen excretion, the carbohydrate burned (C) was assumed to 
equal the carbohydrate given, and the fat burned was cal- 
culated in the following ways. Method A: The total caloric 
expenditure of the fasting dog, as determined by direct 
calorimetry by Anderson and Lusk (16), was approximately 
2.0 calories per kilogram per hour, decreasing 1.5 per cent 
per day. The fat burned was calculated from the total 
calories: 

F = (Total cal. - P + C cal.)/9.3. (2) 

Method B; The fat burned was calculated from the in- 
sensible weight loss (JL) by Lavietes’ formula (17): 

F= (IL- 2.12C - 1.69P)/3.78. (3) 

AW was calculated from both figures for fat burned and 
the average taken (Table III). 

Extracellular volume changes (A£) were measured di- 
rectly by the distribution of sodium sulfocyanate (11): 

^ _ Net retention NaSCN in mgm. 

Serum concentration in mgm. per liter 
and from the chloride and sodium balances: 


Ec\i 


(£iCh) -f bc\ 

CU 


(5) 


Fnbj 


(EiNai) + 6Na 
Nas 


( 6 ) 


where: 

5c 1 and ^Nn = balances of Cl and Na, 

jEi = initial extracellular fluid volume, 

Cli and CI 2 = initial and final concentrations of Cl in 
extracellular water, 

Nai and Nas = initial and final concentrations of Na in 
extracellular water. 

In this calculation, it was assumed that the initial extra- 
cellular fluid volume (£ 1 ) equalled either 27 per cent (18) 
of the body weight (Dog 6), or that the chloride and sodium 
spaces were identical with the sulfocyanate space (Dogs 7, 
8, and 9). The concentrations of Cl, Na, and K in extracel- 
lular water {ECW) were calculated from the serum con- 
centrations ( 5 ) by the use of a Donnan factor of 0.95: 


CWtt = C1./(TT^. X 0.95), 

(7) 

Napcir = (Na, X 0.95) /W., 

(8) 

Krcir = (K. X 0.95)/TT^., 

(9) 


where TF. = grams of water in 100 grams of serum.’ 


’ Had TF. been calculated per 100 cc. of serum, the val- 
ues for A£ and Al in Table V would be changed by not 
more than 5 per cent. 


A£ = £2 - £ 1 , (10) 

where £2 was taken to be the average of £ci, and £nb,. 

The change in intracellular water volume (AJ) was esti- 
mated in two ways. In the first method, AJ was taken to 
equal the difference between the total water change (AflO 
and the extracellular water change (A£) : 

Ah = AW- AE. (11) 


In the second method, AJ.was calculated as the sum of 3 
decrements: (7) cell water lost with the consumption of 
protein during fasting (Alp), (2) cell water lost with potas- 
sium released in excess of nitrogen (AJk')> and (3) cell 
water lost by osmotic shift (A Jab): 

Alji = Alp -j- Al's! 4" AJab. (12) 


The formulae for the first 2 decrements are derived from 
the ratios of water and potassium to protein in the cell 
fluid of skeletal muscle as determined in 20 normal dogs 
by Hastings (4) : 


H 2 O = 0.27 liters per 100 grams protein, 
K = 38 m. Eq. per 100 grams protein. 


assuming 92.6 per cent of the solids to be protein (Harrow 
(19)). Thus: 

AJp = 2.7XP, 


where P = protein burned in kilograms, and 
AIk' = 

where £2 = the total concentration of ionically active base 
in the cell (see below), 

5k' = 5ei — 5kp = balance of excess K, (^^) 

5kp = 380 X P = balance of K lost with protein, (16) 
b'Ki — 5k ~ 5kk = balance of intracellular K, (12) 


= (KeCTT, X £ 2 ) — (KpcTTi X £ 1 ) 

= balance of extracellular K, (1°) 


5k = total balance of K. 

The concentration of potassium in serum was determined 
on old samples and the results appear slightly elevate 
This does not, however, affect the correction for extra- 
cellular K(5 kp). The high value at the end of the expert 
ment in Dog 7 is undoubtedly due to the blood being drawn 
after death. As serum was not available for analysis m 
Dog 6, a value for Kpcw was assumed. 

The calculation of the third decrement (AJab) involves 
an assumption that the total concentration of ionized base 
in cell water is equal to that in extracellular water, t n 
latter value being taken to be 10 m. Eq. per liter greater 
than the sodium concentration. The calculation also re 
quired a value for the initial intracellular water volunie. 
This was derived by arbitrarily assuming the total body 
water to be 65 per cent of the body weight. Publishe 

* Determined with the collaboration of Drs. A. W. 
Winkler and A. J. Eisenman. 
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\-aUics of v.-atcr content of whole dogs, as determined by 
desiccation, range from 5S per cent for fat dogs to 68 per 
cent for lean dogs (18, 20). The dogs used were lean. 


Thus: 

AZab «= - 7iAB/B:, (19) 

where 7, = (0.65\Vt.) - (20) 

AB = Bj - B,, (21) 

B = Narerr -f 10 m. Eq. per liter. (22) 


Balances of water, chloride, and sodium include correc- 
tions for losses in blood drawn for analysis (Table I). The 
nitrogen balance (6 m') consists of the urinary’ excretion {6 m) 
corrected for change in non-protein nitrogen content in the 
body fluids. This correction was made by approximating 
the total body water from the body weight; the correction 
was for the most part negligible. 

RESULTS 

The concentration of sodium in serum rose in 
each dog, indicating an increase in total ionic 
concentration in the body fluids (Table II). The 
extent of the increase was 15 to 41 m. Eq. per 
liter. The larger increases were observed in the 
dog that died and in the dog that became 
moribund. 


The extracellular water loss varied from 20 
per cent to 38 per cent of the initial extracellular 
volume (Table RO- In each experiment, it was 
exceeded by the calculated total water loss, indi- 
cating that a substantial portion of the water lost 
came from the cells (Table V). Intracellular 
water loss as calculated by difference (A//) varied 
from 30 to 55 per cent of the initial volume. In 
3 of the 4 dogs, the percentage water losses from 
each of the 2 phases were approximately equal. 

The total amount of water lost from the cells 
could be differentiated into three processes (Table 
V, Figure 1). Cell water was lost with protein 
consumed as the result of fasting (A/p) . The rise 
in total ionic concentration as measured by the 
concentration of sodium in serum accounted for 
a second decrement of cell water on a purely os- 
motic basis (A/ab). The potassium excretion 
was considerably in excess of the amount calcu- 
lated to accompany the nitrogen excretion. The 
passage of extra potassium from the cell released 
a third decrement of cell water (A/kO- The sum 
of these decrements (Ain) was in reasonable 


TABLE I 

Exchange of water, electrolytes, and nitrogen 
Quantities expressed per individual period. 


Dog 

Period 

1 

1 

1 

1 Intake larentcral 

1 




Output 

, 



Urine 

Blood* 

1 

HtO 

Na 

Cl 1 

HiO 

Na 

Cl 

K 

N 

HsO 


Cl 


days 

! cc. 

nt. Eq. 

m. Eq. 

U, 1 

m. Eg. 

m. Eg. 

m. Eg. 

grams 

cc. 

m. Eg. 

m. Eg. 

6 

1 to 4 

600t 

46.5 

46.5 

430 

34.0 

34.8 

19.7 

5.66 

24 

3.8 

2.1 


' 5 to 8 



130 

11.5 

17.4 

22.4 

7.61 

16 

2.5 

1.4 


9 to 12 

20t 

2.5 


55 

0.4 

8.6 

17.6 

5.13 

16 

2.5 

1.4 





25 

0.1 

1.5 

9.0 

2.80 

24 

3.7 

2.1 


17 to 20 

20t 

2.5 


25 

0 

0.8 

12.5 

2.79 

26 

4.3 

2.6 

7 


lost 

3.9 

3.9 

255 

33.2 

23.6 

21.4 

4.24 

25 

1.7 

1.3 





78 

9.6 

6.9 

21.6 

4.37 

27 

2.0 

1.5 



to 

o 

2.5 


72 

3.5 

3.5 

16.2 

3.92 

33 

2.5 

2.0 


7 to 11 



65 

1.0 

5.4 

16.5 

3.55 

29 

2.3 

1.7 

8 

1 to 2 

209t 

11.6 

11.6 

1155 § 

74.0 

54.2 

33.3 

6.58 

25 

1.8 

1.2 





106 

16.8 

12.1 

33.8 

5.95 

29 

2.1 

1.5 



40t 

4.9 


170 

21.2 

23.8 

38.2 

8.91 

37 

2.7 

2.0 


7 to 1 2 



150 

1 10.3 

9.4 

54.5 

13.97 

29 

2.1 

1.6 


13 to 15 

30t 

2.5 

2.0 

45 

j 1.8 

0 

21.6 

3.38 

38 

3.2 

1 2.6 

9 ! 

1 to 2 

200t 

11.6 

11.6 

479 

! 52.7 

39.0 

33.6 

6.35 

25 

1.8 

1.3 





60 

i 3.1 

1.4 

19.6 

3.55 

29 

2.1 

1.5 



40t 

4.9 


174 

! 19,0 

14.1 

48.3 

8.40 

39 

3.0 

2.3 


7 tn 12 




375 

( 22.8 

16.3 

74.8 

19.68 

29 

2.1 

1.6 


13 to IS 

30t 

2.5 

2.0 

139 

0.2 

2.2 

20.7 

9.35 

41 

3.2 

2.5 


• Blood drawn for analyses. • t NaSCN given for measurement of volume of distribution, 

t Postoperative and control infusions. § Unexplained diuresis, possibly due to pjTOgcns in infused fluid. 
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TABLE II 


Analyses of blood and serum 
Time at end of day indicated. 


Dog 

Time 

Blood 

NPN 

Serum 

Na 

Cl 

K 

HiO 

6 

day 

0 

4 

8 

12 

16 

20 

mgm. 
per cent 

24 

35 

31 

33 

31 

33 

in. Eq. 
per liter 

143.8 

148.0 
150.2 

147.6 

157.0 

159.6 

TO. Eq. 
per liter 

108.6 

115.2 
116.0 
118.7 

123.2 
129.9 

TO. Eq. 
per liter 

per cent 

94.8 

95.0 

94.7 

94.8 
94.5 
94.7 

7 

0 

28 

145'. 1 

110.1 

6.51 

92.6 


6 

35 

161.3 

125.1 

5.72 

91.2 


11* 

270 

186.1 

129.5 

9.38 

88.0 

8 

0 

35 

147.1 

102.4 

5.62 

93.3 


6 

S3 

151.4 

111.5 

5.07 

91.1 


12 

53 

165.1 

125.4 

5.17 

89.3 


15t 

152 

170.2 

133.0 

6.44 

89.3 

9 

0 

27 

146.8 

106.9 

6.19 

91.6 


6 

27 

ISl.S 

113.4 

5.52 

90.4 


12 

31 

156.1 

123.6 

6.90 

90.6 


IS 

34 

162.2 

127.9 

5.18 

90.6 


* Died. Blood for analysis taken 20 to 40 minutes 
postmortem. 

' t Moribund. 


agreement in 3 of the 4 dogs, with the difference 
between the extracellular and the total water loss 


as calculated from the weight change, (A//) 
(Figure 1). 

In the urine, the concentrations of sodium and 
of chloride diminished to the vanishing point, 
whereas the potassium concentration steadily 
increased, (Figure 2). Non-protein nitrogen of 
blood did not rise until the terminal stages, and 
the specific gravity of the urine remained high. 

t 

DISCUSSION 

Asswnplions. The experimental results cast 
some light on the assumptions used in the calcu- 
lations. In each e.xperiment, the extracellular 
volume loss as calculated by the chloride balance 
exceeded that by the sodium balance and by sul- 
focyanate distribution, (Table IV). In the dog 
muscles analyzed by Hastings (4), the sodium 
space was 16 per cent greater than the chloride 
space. If LEc\ is calculated from an initial 
volume which is 20 per cent smaller than the sul- 
focyanate space, the agreement between Aficii 
A£nii, and AEscn is closer. 

The assumptions that intracellular and evtra- 
cellular ionized base concentrations are equal an 
that potassium excretion measures the loss o 
ionized base from the cells, appear justified by 
the fairly good agreement in 3 dogs between the 


TABLE III 

Estimation of metabolic mixture 


Data are expressed cumulatively from the beginning of the experiment to the end of the day indicated. 


Dog 

Time 

Weight 

Change 

of 

weight 

Nitrogen 

Protein 

Carbo- 

hydrate 

Method A 

Method B 

Total 

calories 

(2)* 

fat 

Insensible 
weight loss 

(3) 

fat 


day 

kgm. 

kgm. 

grams 

grams 

grams 


grams 

kgm. 

grams 

6 

0 

7.54 










4 

6.85 

-0.69 

6.2 

39 

15 

1360 

123 

0.84 



8 

6.28 

-1.26 

13.6 

85 

15 

2633 

239 

1.26 

28/ 


12 

5.82 

-1.72 

18.8 

118 

15 

3820 

411 

1.67 



16 

5.36 

-2.18 

21.6 

135 

15 

4920 

528 

2.08 

462 


20 

4.92 

-2.62 

24.4 

153 

15 

5932 

564 

2.49 

582 

7 

0 

7.07 










6 

5.50 

-1.55 

12.8 

80 

4 

■ 1907 

168 

1.18 

274 


11 

4.76 

-2.29 

22.4 

140 

4 

3454 

300 

1.83 

419 

8 

0 

13.87 










6 

11.20 

-2.61 

23.0 

144 

6 

3750 

337 

1.34 

287 


12 

9.78 

-4.02 

37.0 

231 

6 

7140 

663 

2.57 

575 


15 

9.29 

-4.50 

44.8 

280 

6 

8700 

809 

2;99 

663 

9 

0 

15.71 










6 

13.72 


18.3 

115 

6 

4244 

403 

1.33 

298 


12 

12.30 

-3.27 

38.3 

239 

6 

8080 

761 

2.30 

498 


15 

11.69 

-3.87 

47.8 

299 

6 

9841 

924 

2.75 

588 


* Number at head of column indicates equation in text (Calculations) from which data are derived. 
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TARLP. IV 


Cakulatior: of extracellular fluid vohme 
Time at end of day indicated. 


Dffc 

Tin?e 

.(S) t 
^’“rcir 

^*ECir 

(O 

^SCTt 

f6) 

^C1 




rt. Ec. 

n, Ec. 






icy 

{'fT 


liters 

liters 

liters 

liters 



lUrr 

liter 





6 

0 

144.0 

in 


2.04 

iff! 



4 

148.0 



2.04 

Hi 9 



8 

150.9 

B 3: iB 


1.91 

1.84 



12 

148.0 



1.94 

1.72 



16 

1 5 7.8 

137.3 


1.80 

1.63 



20 

160.1 

144.3 


1.76 

i 1.53 


7 

0 

148.8 

125.2 

2.12 

2.12 

2.12 



6 

168.2 

144.3 

1.66 

1.61 

1.60 



11 

200.2 

155.0 


1.33 

1.45 


8 

0 

149.8 

115.6 

3.90 

3.90 

3.90 


! 

6 

158.1 

128.9 

3.09 

3.04 

2.86 



12 

175.8 

147.9 


2.67 

2.42 



15 

181.1 

156.7 

2.53 

2.59 

2.28 

2.60 

9 

0 

152.1 

122.7 

3.90 

3.90 

3.90 



6 

159.2 

132.2 1 

3.60 

3.32 

3.26 



12 

163.8 

143.7 


3.07 

2.88 



15 

170.2 

148.7 

3.01 

2.95 

2.76 

2.90 


* Measured by means of radioactive chloride, Cl”, 
t Numter at head of column indicates equation in text 
(Calculations) from which data are derived. 


intracellular water loss calculated by difference 
from the weight loss (AZ/) and the sum (AZji) of 
the decrements AZp, AZk', and AZ^si which were 
calculated from these assumptions. In 1 dog 
(Dog 6), AZj greatly exceeded AZ/j. The experi- 
ment was performed in the heat of midsummer. 
If the discrepancy were due to the provision of 
more water of oxidation than was calculated, the 
total heat production would have to be doubled 
and the proportion of heat lost by vaporization 
of water reduced by one-half. This is a less 
likely explanation than that the dog sweated and 
the salt recoveries were too low. 

Exchange of bases. In water deprivation, the 
obligatory vaporization of water for the removal 
of heat entails a loss of water without salt. Hy- 
pertonicity of body fluids is the result in the 
absence of a compensatory salt excretion. Salt 
excretion, as well as the distribution of the water 
loss between the 2 phases of body water, is con- 
ditioned by the behavior of the extra- and intra- 
cellular bases. Study of base exchange is facili- 
tated in the dog by the usual absence of an 
cxtrarenal route for the elimination of salt. 

The excretion of sodium, as well as of chloride, 


TABLE V 

Allocation of rcaler loss 

Data are expressed cumulatively from the beginning of the 
experiment to the end of the day indicated. 


Dog 

Time 

(!)• 

AW 

(10) 

AE 

(11) 

(13) 

Up 

(19) 

^AB 

(14) 

(12) 


day 

liters 

liters 

mW^k 

liters 

liters 


liters 

6 

4 

-0^0 

-0.01 


-0.10 

-0.07 


-0.20 


8 

-0.95 

-0.17 


-0.23 

-0.12 


—0.41 


12 

-1.26 

-0.21 

—1.05 

-0J2 

—0.07 

-0.09 

-0.48 


16 

-1.61 

-0J3 

-1.28 

-0.36 

-0.24 

-0.10 

-0.70 


20 

-1.96 

-0.40 

-1.56 

-0.41 

-0.27 

—0.12 

-O.S0 

7 

19 


-0.52 

-0.77 

-0.22 

-0.26 

-0.14 

—0.62 


la 

-1.86 

-0.73 

-1.13 

-0J8 

-0.60 

-0.11 

—1.09 

8 

n 

-2.23 

-0.95 

-1.28 

-0.39 

-0.24 

-0.26 

—0.89 


12 

-3.29 

-1.36 

-1.93 

—0.62 

-0.72 

-0.34 

-1.68 


15 

-3.62 


-2.15 

-0.76 

-0.83 

—0.36 

-1.95 

9 

6 

-1.49 

-0.61 

-0.88 

-OJl 

-0.26 

-0.31 

-0.88 


12 

-2.52 

-0.93 

-1.59 

-0.65 

-0.44 

-0.47 

-1.56 


IS 

-2.97 

-1.05 

-1.92 

-0.81 

-0.63 

-0.41 

-1.85 


* Number at head of column indicates equation in text 
(Calculations) from which data are derived. 


practically ceased imder the conditions of our ex- 
periment. The high specific gravity of the urine 
and the adequate excretion of non-protein nitro- 
gen are evidence against failure of renal function. 
Sodium and chloride must have been almost com- 
pletely reabsorbed in the tubules despite the 
increasingly high concentration of these sub- 
stances in the serum, a phenomenon noted by 
Kerpel-Fronius. 

Although these animals were completely de- 
prived of water, water -was provided for vaporiza- 
tion and for an adequate excretion of urine. To 
provide this amount of water, the extracellular 
reservoir would have been completely exhausted 
if cell -water had not been made available. A larger 
sodium excretion would increase the extracellular 
water loss. By retention of sodium, less of such 
water was lost, and the rise in sodium concentra- 
tion made, on an osmotic basis, a fraction of cell 
water available (AZab). In addition, cell water 
was released, not only as a result of the fasting 
state (AZp), but also as a result of the washing 
out of excess potassium (AZkO- Consequently, 
the cells shared both the hypertom'dty and the 
reduction of volume. Under a compulsion to 
lose base, the preferential excretion of potassium 
over sodium increased intracellular and decreased 
extracellular water loss. 

Schwartz, Smith, and Winkler (21) have ob- 
served a similar phenomenon following the in- 
jection of a combined solution of sodium chloride 
and sodium sulfate. A preferential excretion of 





















792 


J. RUSSELL ELKINTON AND MAX TAFFEL 


</) 

<D 

3 


-1.50 
- 1 .00 
-0.50 


Dog 6 
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0 
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Days 


16 


-2.00 h 



12 15 


Days 


Dog 7 


20 


0 


Dog 9 


0 



6 

Days 


11 


6 12 15 

Days 


Fig. 1. Decrements of Intracellular Water During Water Deprivation 

Columns represent cell water loss cumulatively from the beginning of the e-xperiment to the end of the day indi- 
cated. Decrements are represented as follows: water lost osmotically (A7 ab)i solid black; water lost with K in 
excess of nitrogen (A7k')i cross-hatched; water lost with protein due to fasting (A/p), dotted columns. Total cell 
water loss taken as the difference between total water and extracellular water losses (A//), blank columns. 


sulfate over chloride and sodium, with a resultant 
rise in concentration of chloride and sodium in 
the serum, made available a fraction of cell water 
when water for excretion was greatly limited. 
The analogy of this experiment to the behavior of 
the animal deprived of water is clear. 

The nature and extent of stimuli for the release 
of potassium in e.xcess of nitrogen are unknown. 
Potassium is released from cells during hemor- 
rhage (22). This condition shares with water 
deprivation the common factor of depleted ex- 
tracellular volume, although ano.xia may be an 
important factor. Evidence of a similar re- 
sponse under conditions lacking the teleological 
implications of our experiment has been pro- 
duced by Gamble (23). He described an in- 
creased potassium excretion during sodium chlo- 


ride ingestion by a patient who was not deprived 
of water. Stewart and Rourke (24) found a 
small increase in potassium excretion in patients 
receiving infusions of isotonic saline, which 
phenomenon they attributed to the preceding 
anesthesia and surgical trauma. A preliminary 
experiment in this laboratory (25) has revealed 
that the injection of hypertonic saline solution 
into a non-fasting dog not deprived of water is 
followed by a definite loss of potassium in excess 
of nitrogen. Such a loss of excess potassium did 
not occur following the injection of hypotonic 
saline solution or during a series of 24-hour con- 
trol periods. Schwartz, Smith, and Winkler (21) 
have shown, in the acute experiment referred to 
above, that a large excretion of potassium took 
place during the 4 hours immediately following 
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the intravenous injection of hypertonic saline 
solution. The data of Darrow and Yannet (3) 
also show a consistent excess potassium loss fol- 
lowing the administration of hypertonic saline 
solution to 4 dogs depleted of sodium. The pre- 
dse nature of this phenomenon of potassium 
release awaits elucidation. 

Significance. In water deprivation, the release 
of potassium mitigates, at the c-xpense of cell 
fluid, not only tlie rise in total ionic concentration 
but also the depletion of extracellular volume. 
Perhaps the surxdval value of the sacrifice of cell 
water lies in the maintenance of an adequate 
circulation. Dill (26) found that the burro, an 
animal acclimatized to an environment of great 
heat, sweats almost pure water and thereby dis- 
tributes the water loss over both phases of body 


fluid. The concentration of salt in the siveat of 
Dill and his colleagues diminished as they became 
acclimatized to the heat of Boulder Dam. It is 
not known whether over a long period of time 
man can make this adjustment to the same degree 
as the burro. But the studies of Kerpel-Fronius 
(1) and of Nadal, Pedersen, and- Maddock (2) 
have clearly shown that, in dehydration where 
sodium is also lost in large amounts, depletion 
of the e-xtracellular phase alone leads to early 
diminution of plasma volume and consequent 
circulatory failure. 

Heretofore, in studies of the effects of tropical 
and industrial heat, attention has centered on 
the loss and restoration of salt in the presence of 
ample water. The type of experiment reported 
here, in which lack of xvater is the main limiting 



0 4 8 12 i6 20 0 2 4 6 12 


Days Days 



0 2 4 6 12 15 0 2 4 6 12 15 


Days Days 

Fig, 2. Concektratiox of Electeolttes nr Urine 
ns represent concentration of electrolytes in urine for individual periods ending at the end of the day indicated, 
as follows: Cl, dotted; Na, solid black; K, blank columns. 
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condition, may assume more significance in the 
present emergency, where not infrequently cir- 
cumstances arise in which water is at a premium. 

SUMMARY 

In 4 dogs deprived of water and food for 
periods of 11 to 20 days, the exchanges of salt 
and water were studied. 

The concentration of sodium in serum rose, 
indicating hypertonicity of body fluids. 

The total water loss greatly exceeded the 
extracellular water loss, indicating a substantial 
intracellular water loss. 

The intracellular water loss was differentiated 
into three processes; water lost on an osmotic 
basis, water lost with cell destruction in fasting, 
and water lost with potassium released in excess 
of nitrogen. 

The concentration of sodium and chloride in 
urine diminished, whereas that of potassium 
increased. 

The significance of these physiological re- 
sponses to the conditions imposed has been 
discussed. 

The authors are indebted to Dr. John P. Peters for 
guidance in the planning of the experiment and in the 
interpretation of the results. 
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OF DETERMINING DIGESTIVE ACTIVITY IN ANY PORTION OF 
THE GASTRO-INTESTINAL TRACT, WITH SOME 
MEASUREMENTS OF PROTEIN DIGES- 
TION IN THE STOMACH AND 
SMALL INTESTINE = 
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(From the Gastro-lntcsliml Section (Kinscy~Thomas Foundation) of the Medical Clinic, 
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Two essential physiological processes occur in 
tlie small intestine — the enzymatic cleav^e of 
complex food substances into simpler nutritive 
compounds, and tlieir transport through the intes- 
tinal wall into the body. Abnormality in one or 
both of these processes accounts in large part for 
the nutritional disturbance observ'cd in many dis- 
orders, such as sprue, pancreatic disease, certain 
avitaminoses, regional enteritis, and ulcerative 
colitis. It is obviously desirable to have clinical 
methods of measuring each of these functions 
separately since a given disease may be due either 
to disturbance of digestion or of absorption, or 
both. The available tests of digestive function 
consist of "in vitro" determinations of the enzy- 
matic activity of gastric or duodenal juice, and of 
the examination of the feces for undigested food 
material. Neither method is wholly satisfactory. 
The latter is relatively crude, it gives no quantita- 
tive data and the result is greatly influenced, not 
only by enz3miatic activity, but also by the speed of 
passage of the intestinal contents. The former 
has the limitation of indicating only whether en- 
zymes are present in the upper intestinal tract but 
does not disclose whether or not the conditions 
are favorable for their activity in the distal por- 
tions of the bowel. 

It seemed to us that an improved method for 
studying digestion might be developed now that 
small intestinal intubation has become a standard 
procedure. We have therefore devised an appa- 
ratus, to be described presently, which utilizes this 
method and which makes it possible to test di- 

^ Presented in abstract before the American Society for 
Clinical Investigation. Atlantic City, N. J., May 4, 1942. 

- Aided by a grant from the Smith, Kline and French 
Laboratories, Philadelphia. 


rectly the digestion of suitable solid food materials, 
in any portion of the human gastrointestinal tract. 
The apparatus is so constructed that the test food 
stuff is exposed to the digestive enzymes only over 
a designated period and in that area of the bowel 
selected for study. The method has in our opin- 
ion certain points of superiority over those previ- 
ously employed. Measurements can be made any- 
where in the intestinal tract, the test object re- 
mains in a constantly renewed bath of intestinal 
juice while the products of enzyme reactions are 
carried away, thus avoiding their known retarding 
effect on farther enzyme activity. The method 
obviates the withdrawal of fluid for analysis and 
hence avoids the possible inactivation of enzymes 
which follows exposure to light, oxidation, and 
alterations in temperature and in pH. The pres- 
ent communication describes the apparatus and 
technique of its employment, and gives data on the 
digestion of protein in the normal and achlorhydric 
stomach and at various levels of the normal small 
intestine. 

METHOD 

The apparatus 3 (Figure 1) consists of a cylinder of 
thin brass tubing (a), 4 cm. long and 1 cm. in outside 
diameter, the proximal end of which is narrowed and 
flanged for the attachment of a rubber tube (e). This 
cylinder serves as a housing for an inner brass cylinder 
(b) of equal length, which fits closely but may move 
freely within it. The inner cylinder is occluded at its 
proximal extremity by a piston-like disc, its walls are 
fenestrated in the distal 3 cm., and its exposed extremity 
is equipped with a screw cap (c) which permits the in- 
troduction of a test food substance weighing approxi- 
mately 1 gram. By exerting air pressure through the 
rubber tube (e), the inner cylinder, wholly sheathed in 


® We are indebted to Mr. Carol Kelly for constructing 
the apparatus, as well as for valuable suggestions con- 
cerning its design. 
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I 1 1 1 I I - - I I 

Fig. 1. The Apparatus for Measuring the Digestion of a Test Food Substance 


the housing, may be ejected so that its fenestrated distal 
portion protrudes from the open end of the housing, 
which contains in its wall a check pin (rf) to prevent 
total expulsion of the inner cylinder. Sufficient friction 
is present between the two cylinders then to maintain the 
inner cylinder in its ejected position. 

TECHNIQUE 

Observations were begun in the morning, after an 
overnight fast. Depending on the portion of the intes- 
tinal tract to be studied, the apparatus described was 
attached either to a single lumen tube customarily used 
for duodenal intubation, or to one lumen of a Miller- 
Abbott tube, the other lumen of which was connected to 
an inflatable balloon. Into the inner cylinder of the ap- 
paratus was placed the carefully weighed test object and 
the cylinder was then retracted into the housing. The 
distal tip of the apparatus was dipped into melted paraffin 
which, when it cooled, sealed off the test object from 
contact with gastric or intestinal juice. With fluoro- 
scopic guidance, the tube was then introduced to any 
portion of the intestinal tract, by the technique of intuba- 
tion repeatedly described from this clinic. When the 
apparatus was in the desired position, the balloon was 
deflated and the inner cylinder ejected by means of air 
pressure. The apparatus then remained stationary, or 
advanced at most a few inches, permitting contact of 
the contained test material with the digestive enzjTnes. 
At the end of a measured period of time, the tube and 


attached apparatus were withdrawn, either with the 
fenestrated cylinder in its ejected position or, if possible, 
retracted into the housing. 

HISTORICAL 

The ingestion of a food substance, usually in a fenes- 
trated container, with subsequent observations of its con- 
dition after it had traversed the intestinal tract, is an 
experimental principle employed in the earliest demon- 
strations of digestive activity. Spallanzani (1), in study- 
ing digestion in a variety of animals, “. . . employed 
hollow globules of brass half an inch in diameter and 
pierced like a sieve, which I could open and shut at 
pleasure by means of a screw worked upon the edge of 
the two hemispheres into which each globule was divisi- 
ble.” 

In an inaugural dissertation (Edinburgh, 1777) which 
is published as an appendix to Spallanzani’s Dissertations, 
Stevens (2) describes observations in which he gave the 
subject of his experiments “a hollow silver sphere, di- 
vided into two cavities by a partition and perforated on 
the surface with a great number of holes, capable of 
admitting a needle; into one of these cavities was put 
four scruples and a half of raw beef, and into the other 
five scruples of raw bleak. The sphere was voided in 
twenty-one hours, when the beef was found to have lost 
one scruple and a half and the fish two scruples. • • ; ^ 
procured another sphere with holes so large as to receive 
a crow’s quill, and enclosed some beef a little masticated 
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into it. It was voided quite empty thirty-eight hours 
after it was swallowed." * 

OBSERVATIONS ON PROTEIN DIGESTION 

In the observations to be reported here, the 
described method was adapted for a study of pro- 
tein digestion. Pork heart muscle was selected as 
a test object since it is easily obtainable in fresh 
condition after government inspection, is remark- 
ably constant in protein content,' is practically 
free of fat and fibrous tissue, and will not physi- 
cally disintegrate and thus be lost from the fenes- 
trated Q'linder. For our purposes, raw muscle 
proved superior to dried or cooked muscle. The 
technique described above was employed in every 
detail. The test object was a columnar piece of 
heart muscle, weight approximately 0.8 gram. 

The amount of digestion occurring after a 3- 
hour test was determined as follows: A portion 
of the heart muscle, immediate!}’ adjacent to the 
sample used in the capsule, was weighed and 
analyzed for nitrogen by a micro-Kjeldahl method. 
This permitted a calculation of the total nitrogen 
content of the sample employed in the test. At 
the conclusion of the observation, the nitrogen 
content of the tissue remaining in the capsule was 
determined, and the difference represented the 
amount of protein which had been digested. This 
is expressed as the percentage of that present in 
the original test object. 

The gastric digestion of pork heart muscle was 
tested 13 times in 10 subjects without gastro- 
intestinal disease and with a normal concentra- 
tion of gastric acid. Ten subjects from the hos- 
pital \vards or out-patient clinics, known to have 
true achlorhydria, v’ere similarly tested. In all 
cases, the position of the tube in the stomach was 
determined fluoroscopically. Two professional 
subjects in good health were employed for the 
observations on the small intestine, of which 33 
were made — 11 in the duodenum, 13 in the je- 
junum, and 9 in the ileum. 


■‘We can confirm this observation of Stevens’. On 
one occasion the apparatus became detached from the 
tube while in the stomach and was permitted to proceed 
through the intestinal tract. When recovered approxi- 
mately thirty-six hours later it was empty. 

' In 67 observations, the average protein content of 
pork heart muscle was 17 per cent, the maximum figure 
19 per cent, and the minimtmi 16 per cent. 


In order to determine the relationship between 
the time of exposure of the test object and the 
amount of digestion which occurred, measure- 
ments were made in the duodenum of a normal 
subject for periods of 30 to 240 minutes. 

In order to discover whether the proteoij'tic 
action observed in a 3-hour test is due to the 
enzj'mes already present in the bowel, or depends 
upon the secretion of an- additional supply, we 
have carried out, in a normal subject, experiments 
in which the pancreatic juice formed after the 
beginning of the observation was prevented from 
reaching the test object. This was accomplished 
(Figure 2) by the use of an inflated balloon (a) 
which occluded the lumen of the bowel, imme- 
diately proximal to which were perforations (6) 
through which constant suction was exerted by a 
Wangensteen apparatus, and 12 inches distal to 
the balloon was the digestion apparatus (c). The 
tube was introduced so that the balloon was in 
the distal duodenum or proximal jejunum. After 
obstructing the bowel by distending the balloon, 
continuous suction was applied withdrawing all 
contents from the bowel lumen proximal to it. 
The test substance was then exposed. This double 
procedure of occlusion and suction effectively 



JECT 

Constant suction was applied through the perforations 
proximal to the occluding balloon. 
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prevents leakage of material past the balloon, as 
we have repeatedly demonstrated, using either a 
thin suspension of barium or a dilute . solution of 
vital red. 

In 3 observations, we attempted, by preliminary 
lavage, to remove the enzynies already present in 
the bowel before exposing the test substance. 
For this purpose, we used water, N/20 HCl, and 
dilute suspension of colloidal aluminum hydroxide. 


RESULTS 

Stomach 

The measurements on the gastric digestion of 
protein in the normal and achlorhydric subjects 
are given in Figure 3. In the normal subjects, 
the average figure was 53 per cent, which ex- 
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Fig. 3. The Gastric Dicestiok of Protein in Nor- 
mal (open circles) and Achlorhydric (closed cir- 
cles) Subjects 



Fig. 4. The Digestion of Protein at Different 
Levels of the Small Intestine in 2 Normal Sub- 
jects 

Subject 1 (open circles), Subject 2 (closed circles). 
The broken lines join the average figures. 

ceeds that for any other portion of the gastro- 
intestinal tract. The individual variation was 
great, and in a single subject, tested 4 times, the 
results varied between 45 and 74 per cent. In 
the achlorhydric group, 1 subject had Addisonian 
anemia, with 16 per cent digestion. The others 
had no recognizable organic lesions of the stom- 
ach. The average figure was 23 per cent, the 
extremes were 9 and 35 per cent. 

The results of the 33 observations made on 2 
normal subjects, 1 female (Subject 1) and 1 male 
(Subject 2), are shown in Figure 4. Each point 
represents a single observation, made in that por- 
tion of the small intestine indicated in the figure. 
The points joined by lines show the averages for 
both subjects. It will be observed that the most 
constant results were obtained in the duodenum 
(average 45 per cent), while greater variation 
occurred in the jejunum (average 41 per cent) 
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Fig. 5. The Rixationship Bet\veen the TniE of 
Exposctx and the Digestion of Peotein in the 
Dl’odenuii of a Nob.mal Subject 


and ileum (average 42 per cent). The average 
readings for the 2 subjects ivere almost identical, 
both in the duodenum and in the jejunum. In the 
ileum, however, the results in the 2 subjects dif- 
lered widely; Subject 1 digested, on the average, 
31 per cent of the test protein, while Subject 2 
digested 50 per cent. 

The results of testing the digestion of heart 
muscle at half-hourly intervals up to 4 hours are 
shown in Figure 5: The readings so obtained 
arrange themselves along a parabolic curve, and 
when their logarithms are plotted, a straight line 
results. This type of curve characterizes the 
general reaction of a single enzyme and substrate. 

The exclusion of digestive juice from the 
test object 

In one observation, digestion was measured in 
e upper jejunum, No effort was made to re- 
mo\e the enzymes already present, but all intes- 
proximal to the area studied ivas 
? ^wn by constant suction during the period 
° 0 -en'ation. Forty-four per cent of the test 
J^t was digested in 3 hours. This is essentially 


the figure which had been obtained on previous 
tests in this exact location, when the normal cur- 
rent of intestinal juice had not been diverted. In 
3 observ'ations, efforts were made, by careful pre- 
liminary lavage, to remove or inactivate all en- 
zymes present in the segment of bowel to be 
studied. Water, N/20 HCl, and dilute suspen- 
sion of an adsorbant, colloidal aluminum hydrox- 
ide, were each used once, for periods of lavage 
from one-half to one hour, in amounts from 250 
to 800 cc. This procedure reduced the digestion 
only moderately, to 29, 28, and 36 per cent re- 
spectively. This is in agreement with the obser- 
i-ations of Owles (3), who found that prolonged 
washing of the jejunum was required to remove 
previously secreted erepsin. 

DISCUSSION 

It may be objected that, in this method of meas- 
uring digestive activity, the presence of the tube 
and metal apparatus produces mechanical irritation, 
which is known (3) to influence the secretion of 
enz^-mes. This possibility cannot be ignored, but 
it appears to be a difficulty inherent in any method 
now known. The method gives no information 
concerning the extent to which the substance being 
studied is broken down by enzymatic activity. 
In the observations on protein digestion, described 
here, the ultimate degree of proteolysis is undeter- 
mined. When the enzyme activity at the surface 
of the test object has produced a soluble protein 
component, that material is lost from the test ob- 
ject, regardless of the degree of digestion which 
has occurred. For example, the test object might 
be equally reduced in weight by the formation, in 
one case, of soluble acid metaprotein, formed by 
the action of gastric HQ, and in another, by the 
solution of products of tryptic activity in the duo- 
denum. The test would indicate an equal amount 
of digestion, although, in the latter case, the cleav- 
age of the protein molecule would be much greater. 
Hov/ever, if its inherent limitations are taken 
into proper account in the interpretation of the 
results, the method appears to proride a useful and 
simple procedure for measuring digestion in por- 
tions of the human intestinal tract v;hich, until 
recently, have been sufficiently inaccessible to es- 
cape careful study. 

The general method has thus far been adapted 
only to a study of protein digestion. Suitable test 
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objects to measure the carbohydrate and fat split- 
ting power of the digestive juice can undoubtedly 
be developed, and, it is hoped, a satisfactory test 
substance containing all three major foodstuffs 
may be found, thus obviating the limitation of 
testing only one substance at a time. 

The results of the study of protein digestion in 
the stomach are in accord with many earlier ob- 
servations, the most familiar of which are those of 
Beaumont (4). They indicate that a very con- 
siderable proteolytic cleavage can occur in this 
organ. The conditions of this test, in which meat 
alone is introduced, are, of course, somewhat un- 
usual. The recent observations of Beazell (5) 
show that when a protein and carbohydrate meal 
is ingested, gastric digestion of carbohydrate is 
considerable, while that of protein is negligible. 
However, the conditions are so different in the 
two types of experiments that the results are not 
necessarily conflicting. The relative incapacity of 
the achlorhydric stomach to digest protein is prob- 
ably due to deficiency both in acid and in enzyme 
secretion, for it is known (6) that in this condition 
the peptic, as well as acid, secretion is often de- 
ficient, and even though it were not, the pH of the 
achlorhydric stomach is not optimal for peptic 
activity. 

The digestion of protein which, as we have 
shown, can begin in the ileum is presumably due 
to the presence of pancreatic trypsin which has 
been carried in active form into the distal bowel. 
This must be true, since it is known that the only 
other proteolytic enzyme there, the erepsin of the 
succus entericus, does not attack native proteins, 
but acts only on polypeptides and dipeptides. 
The further fact appears that a sufficient quantity 
of protein-splitting enzymes is present throughout 
the gut in the fasting state, so that even though 
additional amounts are prevented from reaching 
the distal bowel during the period of study, a very 
considerable breakdown of protein occurs. The 
observation, therefore, that the digestion of protein 
can begin in the distal segments of the bowel, 
without any preliminary proteolysis in the upper 
intestine, and the demonstration that this diges- 
tion can be carried out solely by the enzymes al- 
ready present, even, though the subject has fasted 
for 18 hours, emphasizes the fact that the normal 
digestive tract possesses a very impressive margin 
of safety with respect to the breakdown of protein 


foods. These observations aid in explaining the 
sometimes remarkably complete digestion which 
occurs in clinical cases where large segments of 
the small bowel have been resected, where marked 
small intestinal hypermotility exists, or where 
entero-enteric fistulae have shortened the course 
taken by the intestinal contents. 

SUMMARY 

A method has been developed for measuring 
digestive activity at any level of the human gastro- 
intestinal tract. A specially devised apparatus 
containing a test food substance is introduced 
into the intestine by intubation. When it has 
reached the desired position, the test substance is 
exposed to the action of the intestinal juice. The 
digestion which occurs in a measured time can be 
determined by appropriate analysis of the remain- 
ing portion of the test substance. We have 
adapted the method to a study of protein digestion, 
using pork heart muscle as the test material. The 
results indicate that substantial proteolytic activity 
occurs in the normal stomach, far less in the 
achlorhydric stomach. Throughout the normal 
small intestine, the concentration of proteolytic 
enzymes is sufficiently high to effect a very con- 
siderable amount of digestion, regardless of the 
point at which the process begins, or whether a 
further supply of enzymes is available during the 
period of the test. The method should prove use- 
ful in studying clinical problems which involve 
abnormalities in digestion. 

We are indebted to Dr. Walter G. Karr for many 
helpful suggestions, and to Miss Thelma Cline, R.N., 
for assistance in the intubation. 
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objects to measure the carbohydrate and fat split- 
ting power of the digestive juice can undoubtedly 
be developed, and, it is hoped, a satisfactory test 
substance containing all three major foodstuffs 
may be found, thus obviating the limitation of 
testing only one substance at a time. 

The results of the study of protein digestion in 
the stomach are in accord with many earlier ob- 
servations, the most familiar of which are those of 
Beaumont (4). They indicate that a very con- 
siderable proteolytic cleavage can occur in this 
organ. The conditions of this test, in which meat 
alone is introduced, are, of course, somewhat un- 
usual. The recent observations of Beazell (5) 
show that when a protein and carbohydrate meal 
is ingested, gastric digestion of carbohydrate is 
considerable, while that of protein is negligible. 
However, the conditions are so different in the 
two types of experiments that the results are not 
necessarily conflicting. The relative incapacity of 
the achlorhydric stomach to digest protein is prob- 
ably due to deficiency both in acid and in enzyme 
secretion, for it is known (6) that in this condition 
the peptic, as well as acid, secretion is often de- 
ficient, and even though it were not, the pH of the 
achlorhydric stomach is not optimal for peptic 
activity. 

The digestion of protein which, as we have 
shown, can begin in the ileum is presumably due 
to the presence of pancreatic trypsin which has 
been carried in active form into the distal bowel. 
This must be true, since it is known that the only 
other proteolytic enzyme there, the erepsin of the 
succus entericus, does not attack native proteins, 
but acts only on polypeptides and dipeptides. 
The further fact appears that a sufficient quantity 
of protein-splitting enzymes is present throughout 
the gut in the fasting state, so that even though 
additional amounts are prevented from reaching 
the distal bowel during the period of study, a very 
considerable breakdown of protein occurs. The 
observation, therefore, that the digestion of protein 
can begin in the distal segments of the bowel, 
without any preliminary proteolysis in the upper 
intestine, and the demonstration that this diges- 
tion can be carried out solely by the enzymes al- 
ready present, even though the subject has fasted 
for 18 hours, emphasizes the fact that the normal 
digestive tract possesses a very impressive margin 
of safety with respect to the breakdown of protein 


foods. These observations aid in explaining the 
sometimes remarkably complete digestion which 
occurs in clinical cases where large segments of 
the small bowel have been resected, where marked 
small intestinal hypermotility exists, or where 
entero-enteric fistulae have shortened the course 
taken by the intestinal contents. 

SUMMARY 

A method has been developed for measuring 
digestive activity at any level of the human gastro- 
intestinal tract. A specially devised apparatus 
containing a test food substance is introduced 
into the intestine by intubation. When it has 
reached the desired position, the test substance is 
exposed to the action of the intestinal juice. The 
digestion which occurs in a measured time can be 
determined by appropriate analysis of the remain- 
ing portion of the test substance. We have 
adapted the method to a study of protein digestion, 
using pork heart muscle as the test material. The 
results indicate that substantial proteolytic activity 
occurs in the normal stomach, far less in the 
achlorhydric stomach. Throughout the normal 
small intestine, the concentration of proteolytic 
enzymes is sufficiently high to effect a very con- 
siderable amount of digestion, regardless of the 
point at which the process begins, or whether a 
further supply of enzymes is available during the 
period of the test. The method should prove use- 
ful in studying clinical problems which involve 
abnormalities in digestion. 

We are indebted to Dr. Walter G. Karr for many 
helpful suggestions, and to Miss Thelma Cline, R.N., 
for assistance in the intubation. 
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